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Abstract 

The research aims to develop a decision support system (DSS) for spare parts inventory 

management in order to reduce maintenance costs at Sunshine Construction Company. The study 

employs a well-designed approach, incorporating data analysis techniques and leveraging DSS 

systems to gain insights for optimizing inventory management and reducing repair costs. 

The literature review examines inventory management in the construction industry, focusing on 

areas like optimizing stock levels, lead-time, decision support systems, maintenance, and repair 

cost control. It explores strategies such as (s, S) and (q, r) policies, modern inventory 

management technologies, and the importance of collaboration among stakeholders. A critical 

issue identified in the review is the need to address the challenge of inaccurate demand 

forecasting, which can significantly impact inventory optimization efforts. 

The data collection and analysis used both quantitative data from a case company concerned 

department recording data like inventory levels, repair costs, maintenance costs) and qualitative 

data (through interviews). Tools like Excel, FMEA, and the EOQ model are used to analyze and 

optimize factors like stock levels, lead times, reorder quantities, and safety stock. 

The expected findings and recommendations aim to improve inventory performance, reduce 

costs, and promote business success in spare parts management at Sunshine Construction 

Company. The study aims to contribute innovative solutions related to demand forecasting, 

inventory policies, maintenance cost control, and technology integration.
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CHAPTER ONE 

1. Introduction 

As the construction industry is a direct contributor to a country's economic growth and 

development, the efficient management of inventory and maintenance parts directly related to the 

sector is fundamental to the success of construction companies. Effectively managing these 

critical resources is therefore of paramount importance. 

However, many companies, including Sunshine Construction Company, face challenges in 

effectively managing their equipment maintenance and inventory processes. These challenges, 

such as high maintenance costs and inefficient spare parts inventory management, can 

significantly impact profitability and operational efficiency. 

Controlling maintenance costs is a critical task for in the construction industry, especially those 

with extensive equipment usage in heavy construction projects (Manikandan et al., 2018). The 

aim of reducing maintenance costs is to maintain a balance between the spare part available 

associated with forecasting reorder Leadtime (Babaveisi et al., 2023). Factors such as regulatory 

penalties, revenue losses due to equipment unavailability, and broader corporate implications of 

equipment failures need to be considered. Investing in preventative and predictive maintenance 

activities aligning with industry best practices is justified for safety-critical equipment, 

considering the potential costs of accidents or incidents. 

Maintenance costs are a significant concern for construction companies, as they constitute a 

substantial portion of total operating costs and directly affect project duration, cost savings, and 

overall productivity. The costs of maintenance can vary depending on equipment types, company 

policies, and operating conditions, making effective forecasting and management a challenging 

task(Shrestha, 2021).Accurate prediction of equipment maintenance costs enables contractors to 

plan budgets, allocate maintenance resources, and make informed decisions regarding equipment 

repair, overhaul, and replacement(Teerasoponpong & Sopadang, 2022). 

In addition to maintenance costs, inefficient spare parts inventory management poses another 

challenge for construction companies(Vicil, 2021). Inventory control is crucial for the success 

and supply chain performance of organizations(Jonsson & Mattsson, 2019).Inadequate inventory 

management can result in increased costs such as capital tied up in inventory, storage expenses,
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loss of revenue, and operational inefficiencies. Furthermore, ineffective inventory control 

systems can lead to difficulties in timely procurement, poor lead time forecasting, and lack of 

transparency in information accessibility(MSHIU, 2021). 

Efficient inventory management is essential for the operational success and overall performance 

of construction companies(Atnafu & Balda, 2018). It involves effectively maintaining and 

controlling production levels to meet organizational needs. The characteristics of demand, such 

as uncertainty and structural dependence, play a significant role in determining the appropriate 

inventory management approaches(Boute et al., 2022). 

However, striking the right balance between maintaining adequate spare parts inventory and cost 

considerations can be challenging(Hu et al., 2018). Holding excessive inventory leads to capital 

waste, while insufficient inventory results in maintenance delays and project interruption (Ramos 

et al., 2020). Effective spare parts management requires the use of forecasting techniques, 

implementing equipment management policies, and considering the financial implications of 

spare parts availability in the event of equipment failure. 

To overcome those challenges in the construction industry, research is needed to identify 

problems and provide effective solutions to improve equipment maintenance costs and inventory 

management. This proposal aims to considering a scientific approach, which includes survey 

methodology, data collection from relevant internal and external stakeholders, and quantitative 

and qualitative data analysis. The research objectives are to identify challenges associated with 

equipment maintenance cost and spare parts inventory management and provide strategies and 

recommendations to optimize these areas. The expected outcomes of this research are practical 

insights and recommendations that construction companies can implement to improve spare parts 

inventory management, and reduce repair costs. 
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1.1. Background and justification 

Inventory management are focused on addressing key problems such as uncertainties in demand 

and supply, ordering decisions, and inventory ranking. They aim to develop strategies, models, 

and decision support systems (DSS) to manage uncertainties and achieve optimal inventory 

replenishment(Jamaludin & Bahaudin, 2022). Various researchers in this field have tried to put 

tools and methods in their studies to help companies make informed ordering decisions and 

improve inventory management practices. The focus is on optimizing order quantities, reordering 

points, and inventory maintenance decisions to reduce costs(Hu et al., 2018; Ramos et al., 2020), 

improve efficiency(Manikandan et al., 2018), improve inventory control, and ultimately 

contribute to companies' profitability. Additionally, inventory ranking systems have been 

suggested to prioritize items based on quantitative and qualitative factors, ensuring that resources 

are allocated to the most critical items. Their overall goal is to provide innovative solutions that 

enhance operational performance and drive business success(Manikandan et al., 2018). 

 

Sunshine Construction Company, like many others in the industry, faces critical issues related to 

inventory management and equipment maintenance. The organization struggles the causes of low 

stock levels, lead time, the consequences for maintenance cost, and inadequate spare parts 

management. These challenges result in unnecessary expenses, increased downtime, and 

hindered operational efficiency. The lack of necessary spare parts in the warehouse has a direct 

impact on equipment maintenance, leading to extended maintenance activities and potential 

consequences if critical components are not readily available. 

 

The 2015 ET Company Annual Report highlights on table-1 that 50.11 % of total equipment 

downtime was attributed to the unavailability of spare parts in the required quantity and 

time(Department, 2015). This indicates that stockouts significantly impact the company's 

operations and contribute to negative result. For this result now a day in the main workshop 

where equipment and vehicles are repaired and maintained, more than 30 different equipment 

have been out of service for more than six months due to lack of required spare parts. This 

extended downtime greatly affects the company's ability to complete projects on time. 
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Table 1: 2015ET Company Annual Report for Equipment Total Down Hour And Reason 

 

 

 

 

 

No 

 

 

Equipment Type 

 

 

Total 

Down 

 

 

Service 

 

 

Under 

Repair 

 

Spare Part 

Not 

Available 

 

Waiting 

Other 

Equipment 

 

 

Waiting 

Transport 

 

Waiti

ng 

Man 

Power 

Waiting 

External 

Work Shop 

Activity 

 

 

Tire 

 

 

Accident 

1 Dozer 842.3 15 152.3 409 156 61 20 29 0 0 

2 Loader 256.4 0 75.1 103 0 50 15 0 13.3 0 

3 Excavator 638.5 8 138 224.5 0 75 12 181 0 0 

4 Grader 683.3 0 82 421.3 88 28 25 0 39 0 

5 back-loader 333 8 54 238 0 33 0 0 0 0 

6 

Sandvik 

drill 

machine 
315 8 20 150 0 45 0 81 11 0 

7 Dump Trucks 1,911.90 0 351.8 988 0 0 0 192 156.1 224 

8 small vehicles 393 0 72 159 0 0 0 162 0 0 

  
Total 

5,373.40 39 945.20 2,692.80 244 292 72 645 
219.

4 
224 

 

 
   Down Percentage  0.73% 17.59% 50.11% 4.54% 5.43% 1.34% 12.00% 4.08% 4.17% 
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The existing literature and practices in construction equipment maintenance and inventory 

management have not adequately addressed the specific challenges faced by Sunshine 

Construction Company. Therefore, there is a need for research to fill this gap and provide 

strategies to optimize equipment maintenance and inventory management. 

This research paper aims to study the current practices and challenges at Sunshine Construction 

Company and propose strategies for optimizing equipment maintenance and inventory 

management. The research will focus on reducing costs, improving efficiency, and enhancing 

inventory control to overcome the identified issues. By developing a decision support system for 

spare parts inventory management, the organization can achieve efficient inventory management 

minimize downtime, and improve overall operational performance. The findings and 

recommendations of this research will contribute to the existing knowledge in the field and 

provide valuable insights for future work in construction equipment maintenance and inventory 

management. 

1.2. Justification 

The research done by Sunshine Construction Company to develop a Decision Support System 

(DSS) for spare parts management is well justified by several key factors. 

First, the company faced significant challenges in managing spare parts including low stock 

levels, long lead times, high maintenance costs and inadequate spare parts management, resulting 

in increased grass downtime, unnecessary costs and operational inefficiencies. . 

Secondly, the literature and practices in construction equipment maintenance and inventory 

management do not provide sufficient information to adequately address the unique challenges 

faced by Sunshine Construction Company, this study fills the gap by providing a comprehensive 

framework to facilitate equipment maintenance and inventory management; 

The study also aims to develop strategies, models and a decision support system (DSS) to 

manage uncertainties and optimize inventory to reduce unnecessary costs, improve efficiency 

and improve inventory control, including optimization of order quantities, reorder points and 

inventory maintenance decisions. 

In addition, the study will help the company to focus on the most important parts and improve 

the overall operational performance by implementing an inventory ranking system to prioritize 

spare parts based on quantity and quality factors. 
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By developing a comprehensive DSS for spare parts inventory management, the study aims to 

provide innovative solutions that enhance company performance and promote business success. 

This includes reducing downtime, reducing maintenance costs and improving overall efficiency. 

Finally, the conclusion and recommendations of this research will contribute to the improvement 

for in the case company equipment maintenance and inventory management, providing valuable 

insights for future work in this field. 

 

1.3.  Problem Statement 

Sunshine Construction is one of the indigenous contractors engaged in the construction sector in 

the country and is contributing to the development of the country. Currently, the company has 

three active road construction projects, namely Degolo-Kellala Project, Debrebirhan-Ankober 

Project, and Debrebirhan. -The Jihur project is under implementation. Apart from rental 

equipment, the company has deployed more than 150 earth-moving machines and 250 light and 

heavy vehicles as well as other construction machines/auxiliary machines for these ongoing road 

construction projects. 

The Sunshine Construction Company, operating in the construction sector, is currently 

experiencing critical issues in inventory management that have a significant impact on its 

profitability. a case company inadequate inventory management practices have resulted in low 

stock levels, increased downtime, reduced operational efficiency, and high maintenance costs. 

The main causes of these challenges include insufficient stock reviews, ineffective stock 

management practices, inaccurate demand forecasting, and inconsistent supply chain processes. 

Inadequate spare parts management at Sunshine Construction Company has resulted in extended 

equipment
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Down Percentage 

Total Down 

Under Repair 

Waiting Other Equipment 

Waiting Man Power 

Tire 

Service 

Spare Part Not Available 

Waiting Transport 

Waiting External Work Shop Activity 

Accident 

0.73% 

4.54% 

Spare Part Not 
Available, 50.11% 

5.43% 

1.34% 
17.59% 4.08% 

12.00% 
4.17% 

downtime, leading to project delays and disruption of company operations. The company's 

inability to meet its current needs despite having a substantial stock of spare parts indicates 

shortcomings in its spare parts management practices. 

Based on the information provided in Table-1 of the 2015 ET Company Annual Report, it is 

evident that 50.11 % of the total equipment downtime is directly attributed to the unavailability 

of spare parts in the required quantity and within the specified time frame(Department, 

2015).This data strongly suggests that the stock levels of spare parts have a substantial impact on 

the company's operations and are leading to negative outcomes. 

Currently, more than 30 different types of equipment in the main workshop available for 

equipment repair and maintenance have been non-operational for a period exceeding six 

months(Department, 2015). This prolonged downtime is primarily attributed to the unavailability 

of the required spare parts. This extended downtime severely hinders the company's ability to 

complete projects on time and significantly affects overall operational efficiency. 

While the 2015 annual inventory report states that the company has a spare parts inventory 

valued at 114.9 million birr(Department, 2015). it is important to recognize that simply having a 

substantial stock of spare parts does not guarantee that the organization's current needs are being 

adequately met. 

 

Figure 1: Equipment Down Percentages 
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To overcome these challenges, it is crucial for the company to develop a suitable inventory 

management strategy. This strategy should involve accurate determination of inventory levels 

and lead time, as well as the implementation of modern inventory management technologies such 

as barcode systems or real-time inventory control. Adhering to process control and inventory 

management practice standards is vital, and techniques like economic order quantity (EOQ) can 

assist in optimizing order quantities. 

To enhance inventory management practices, it is essential for the company to focus on accuracy 

of demand forecasting through data analysis is crucial to anticipate and meet inventory needs 

effectively. By analyzing historical data for spare part need pattern, the company can make more 

informed decisions about inventory levels and replenishment, and evaluating the coordination 

and communication among internal departments involved in the company's supply chain 

processes is vital. Effective collaboration and information sharing between departments such as 

procurement, can streamline inventory management. This includes regular meetings, sharing 

forecasts and spare part need data, and implementing efficient communication channels to ensure 

timely and accurate information flow. 

By addressing these research gaps and implementing the recommended solutions, Sunshine 

Construction Company can improve its inventory management, meet spare parts demand, 

embrace technology adoption, and enhance overall performance and profitability. 

The challenges in equipment maintenance and inventory management are not unique to Sunshine 

Construction Company but are prevalent in the construction industry. Various industries, 

including construction, face similar equipment management challenges such as time-consuming 

and error- prone manual processes, equipment tracking, and irregular maintenance expenses. The 

implementation of modern technologies such as barcode can significantly improve equipment 

management and maintenance practices, leading to enhanced efficiency, reduced downtime, and 

optimized costs. 

In conclusion, Sunshine Construction Company must address its inventory management 

challenges by implementing modern technologies, improving demand forecasting accuracy, and 

optimizing inventory control strategies to enhance overall performance and profitability.
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Research Question 

1. How can the organization optimize stock levels and improve lead time for spare part 

inventory managements? 

2. How can improve coordination and communication among internal departments to 

streamline spare parts inventory management and ensure timely and accurate information 

flow? 

3. How can organization develop a decision support system to effectively manage spare parts 

inventory and minimize repair costs. 

1.4.  Objective of the Study 

1.4.1. General Objective 

To improve the maintenance and inventory management of construction equipment in the case 

company to reduce repair costs, and enhance spare parts management. 

1.4.2. Specific Objective 

To optimize stock levels and improve lead time for spare part inventory managements. 

To improve coordination and communication among internal departments to streamline spare 

parts inventory management and ensure timely and accurate information flow. 

To develop a decision support system for optimize spare part inventory management and 

minimize repair cost. 

1.5. Significant of The Study 

Addressing Sunshine Construction's inventory management issues is critical for several reasons, 

including improving operational efficiency by reducing poor inventory management techniques, 

reducing downtime, reducing maintenance costs, inventory, and warehouse inventory, all of 

which protect the organization from unnecessary costs by ensuring proper inventory control; 

Putting effective inventory management systems in place can improve the company's overall 

performance and inventory management. Other organizations with related problems can use it as 

a guide. Ultimately, better inventory management techniques reduce financial risks, increase 
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resource utilization, and increase operational resilience, helping the organization remain viable 

over the long term. 

1.6. Scope and Limitation of The Study 

1.6.1. Scope 

The scope of this study is focused on the inventory management practices and maintenance costs 

at Sunshine Construction, specifically within the main warehouse of Galan Terminal. The study 

includes an analysis of the current inventory management practices, identification of challenges 

related to spare parts management, and research on effective solutions and best practices in areas 

such as inventory control, lead time forecasting, and software utilization. The study aims to 

develop customized strategies and recommendations based on the specific needs and context of 

Sunshine Construction. The implementation of the recommended solutions will be monitored to 

assess their effectiveness. However, it's important to note that this study does not cover the root 

causes of equipment failure or software development. The findings and recommendations are 

specific to the study period and the scope of Sunshine Construction's operations at the Galan 

Terminal main warehouse. 

1.6.2. Ethical consideration 

A study of Sunshine Construction Company's development of a decision support system (DSS) 

for its supply chain operations raises several key ethical issues. First, before collecting or 

requesting any data, the relevant stakeholder must ensure data privacy and security by 

implementing strict protocols, explaining that the data will only be used for research purpose. 

Regarding algorithm transparency and fairness, the study should provide clear explanations of 

the data, algorithms, and decision-making models used in DSS. The algorithms should be 

carefully analyzed to ensure they do not lead to unfairness or personal harm, and feedback 

mechanisms should be developed to allow stakeholders to understand and challenge DSS 

recommendations. 

Business sustainability is another important issue. DSS should incorporate sustainability factors 

such as stock level and reducing costs in the Sunshine Construction supply chain. Aligning DSS 

with circular economy principles can further enhance its impact in the business process and 
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should provide insights and recommendations to improve the overall sustainability of DSS 

implementation. 

The study should examine the impact of DSS on jobs, work roles and working conditions in the 

supply chain by examining worker safety and work impact. Any negative impact on the company 

and potential risks of the DSS implementation process should be carefully evaluated. 

Finally ,the organization actively engages with various departments to understand their needs 

and concerns and incorporate their input to adapt the DSS to their needs and minimize negative 

impacts on the organization. The study should demonstrate how DSS can contribute to wider 

company benefits such as increasing stock levels and the company's profit development 

opportunities. 

1.6.3. Limitation of the study 

Limitations of Generalizability: The focus of the study on one case company ,does not allow to 

ensure that the proposed solutions are effectively implemented in different organizational 

situations, as it depends on the willingness of the participants to generalize the findings and their 

applicability to other construction companies or industries.  

Scope Limitation: The study does not cover the root causes of equipment failure or software 

development, but instead focuses specifically on spare parts inventory management practices. 

This limited scope may not identify all relevant factors or relationships that affect spare parts 

inventory management. 

Disciplinary Limitations: The study is limited to a specific discipline or field, which may limit 

the breadth and depth of understanding by not integrating disciplinary perspectives. Challenging 

established knowledge and assumptions in different fields can lead to more valuable 

contributions.  

Big data :The analysis of inventory and maintenance data is hindered by the challenges of very 

big data. The vast scale and complexity of the data pose significant limitations to systematic and 

comprehensive examinations. One key issue is the limited demonstrated approaches for dealing 

with large, multidimensional data sets. Traditional analytical methods may prove inadequate to 

fully capture the nuances and interdependencies in the data. 
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. Organizational Limitations: Adapting these solutions to other organizations may require further 

validation and customization as the proposed conceptual model and decision support system are 

tailored to the specific needs and context of Sunshine Construction Company. By addressing 

these limitations, the research can increase understanding of spare parts inventory management 

practices and their impact on maintenance costs, leading to more valuable contributions to the field.
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CHAPTER TWO 

 

2. Literature Review 

Inventory management in the construction industry involves the systematic control, procurement, 

storage, and distribution of spare parts required for equipment maintenance and repair. It ensures 

the availability of critical components, reduces equipment downtime, enhances operational 

reliability, and ensures smooth project execution(Yusuf & Soediantono, 2022). Effective spare 

parts inventory management is essential for construction companies as it improves equipment 

performance, reduces maintenance costs and increases overall productivity(Kulshrestha et al., 

2024). 

Construction companies encounter several challenges when managing spare parts inventory. 

These challenges include the variability of equipment and machinery, limited storage space, 

unpredictable demand patterns, and the risk of obsolescence. Balancing inventory levels to avoid 

stockouts while minimizing carrying costs is a significant challenge. Inaccurate demand 

forecasting, inadequate visibility into inventory levels, and inefficient inventory control systems 

further complicate spare parts management(Zhang et al., 2021). Developing a decision support 

system (DSS) for spare parts inventory management can address the challenges mentioned above 

and improve overall efficiency(Tahir & Choudhary, 2011). A decision support system (DSS) in 

the construction industry for managing spare parts inventory improves various aspects, including 

demand forecasting, inventory control optimization, tracking and visibility enhancement, 

procurement and ordering streamlining and enabling data- driven decision-making(Ma et al., 

2020). 

2.1. Spare Parts Inventory Management in the Case of the Construction 

Industry 

Efficient spare parts inventory management is crucial in the construction industry as it directly 

affects multiple aspects of operations and project performance (Atnafu & Balda. Implementing 

effective inventory management practices allows construction companies to optimize their spare 

parts inventory, ensuring the availability of necessary parts while minimizing 
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carrying costs and the risk of obsolescence or spoilage(Alahmadi & Jamjoom, 2022). This leads 

to maintaining optimum inventory levels and implementing effective tracking and procurement 

systems, construction companies can minimize equipment downtime and maximize project 

efficiency(Nchekwube et al., 2022), improved equipment optimizing inventory levels through 

proper management, construction companies can mitigate these risks and reduce repair costs in 

the long term(Siponen et al., 2019). This involves accurately forecasting demand, setting 

appropriate reorder points and quantities, and regularly monitoring inventory levels. By ensuring 

the availability of necessary spare parts without excessive stock, construction companies can 

minimize repair costs and improve overall cost-efficiency. performance, enhanced project 

efficiency, and overall cost savings. By maintaining the right balance of inventory levels, 

utilizing advanced tracking and procurement systems, and adopting data-driven decision-making, 

construction companies can achieve efficient spare parts inventory management and maximize 

their operational effectiveness. 

2.1.1. Challenge of Inventory Management 

Effective inventory management is vital in spare parts management across industries such as 

manufacturing, automotive services, and equipment maintenance. the challenge of accurately 

predicting the demand for spare parts on construction industry, which can be impacted by 

equipment breakdowns, maintenance schedules, and unforeseen repairs(Pawar & Tiple, 

2019).The objective is to maintain optimal inventory levels that fulfill demand while minimizing 

costs(Jonsson & Mattsson, 2019). Key challenges in spare parts management on construction 

industries include accurately predicting demand to ensure the availability of the right spare parts 

when needed(Boute, 2018). This involves considering factors such as equipment lifecycle, 

historical usage patterns, and maintenance schedules. Spare parts often come in different models, 

sizes, or versions, and companies must effectively categorize and track these items to ensure 

accurate inventory management (Hu et al., 2018). 

To address these challenges, companies employ various strategies. They use inventory 

optimization models that consider factors such as historical usage patterns, lead times, and 

criticality of parts. These models help determine optimal order quantities, reorder points, and 

safety stock levels for each spare part. 
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Effective collaboration with different departments, and service providers is crucial. Sharing 

information on maintenance schedules, failure rates, and lead times improves forecasting 

accuracy and enables timely replenishment. Implementing real-time monitoring systems and 

leveraging data analytics can provide insights into usage patterns, identify potential stockouts or 

excess inventory situations, and support proactive inventory management decisions(Tiwari, 

2021). 

Efficient spare parts management leads to benefits such as minimized equipment downtime, 

improved service levels, and reduced costs associated with inventory carrying and expedited 

deliveries. It also optimizes resource utilization and enhances overall operational efficiency. 

 How To Improved Challenges of Inventory Management 

The objective is to minimize costs associated with inventory by employing tactics like 

decreasing inventory levels, enhancing inventory management systems, aligning demand with 

available capacity, and leveraging market fluctuations to the organization's advantage. 

To overcome inventory management challenges in the construction industry, system structure 

improvement with the integration of technology is crucial(Mazikana, 2023). They suggest 

utilizing a newsvendor model, a mathematical approach that optimizes inventory by maximizing 

requirement projections while considering the balance between inventory at the end and the costs 

of stockouts(Gonçalves et al., 2020). 

The use technology has also gained traction in the construction industry, enabling real-time 

sharing of information about inventory and performance. the advancements in tracking and 

monitoring inventory through computer and technological advancements facilitate easy data 

analysis and will shape supply chain operations in the future(Mohsen, 2023).the four strategies 

for optimizing supply chain operations and gaining a competitive advantage within the 

construction industry(Khan et al.). 

Hedge strategies: Construction companies can design their supply chain operations to offset 

losses in one area with gains in another, thereby reducing the risk of future losses. 

Collaboration and outsourcing: Effective communication regarding inventory uncertainty is 

promoted, and supporting activities can be outsourced when internal solutions are not feasible. 
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𝑡=1 

Flexible strategies: Contingency plans, such as engaging additional suppliers, utilizing multiple 

construction sites, implementing flexible operations, and maintaining buffer stock, provide 

supply chain flexibility for effective cost and resource management. 

What-if scenarios: Multiple strategies are compared and contrasted to select the most suitable 

one without compromising customer service and supply chain operations. 

2.1.2. Demand management 

Demand management involves accurately forecasting and managing customer demand to inform 

operational decisions. In inventory management, demand can be classified into independent and 

dependent demand. 

Independent demand refers to the specific demand for spare parts based on external factors such 

as equipment breakdowns or maintenance requirements. On the other hand, dependent demand is 

determined by the demand for equipment that requires those accessories. The replacement 

requirement is directly related to the need for supporting equipment. 

Different approaches can be applied based on dependent and independent demand to effectively 

manage spare parts inventory and adapt it to demand. For dependent demand, such as Spare Parts 

Requirements Planning (SPPRP) or Just-in-Time (JIT) inventory management can be applied for 

improvement. The right approach to finding the right spare parts is available at the right time to 

support the maintenance process. 

For independent demand, strategies such as forecasting techniques, safety stock management, or 

demand-based replenishment can be used. These strategies aim to meet customer demand and 

reduce stockouts by accurately forecasting demand and maintaining appropriate inventory levels. 

Commodity demand is often characterized by high volatility and sporadic patterns, making 

inventory control challenging. Companies typically have a combination of predictable demand 

and unpredictable demand segments. This, along with factors such as criticality and high cost, 

requires a high safety margin to account for unexpected demand. 

𝐴𝐷𝐼 = ∑
𝑡𝑖

𝑛

𝑛
𝑡=1                                                                                 (1) 

𝑦𝛼 = ∑
𝑦𝑖

𝑛

𝑛
𝑡=1                                                                         (2)       
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In both equations, where: 

 

t = time 

 

n = number of periods 

 

𝑦𝑎 = Average demand 

 

𝑦𝑖=Actual demand(Yavuz, 2023) 

Based on the results of ADI and CV, suggested four different demand patterns for spare 

part demand. 

 
 

 
 

 
Figure 2:Demand Pattern for Spare Parts source:[(Ali & Ratnayake, 2023)]
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According demand patterns for the parts can be described as(Costantino et al., 2018): 

Erratic: Demand that is highly variable in size. 

Lumpy: Demand that has time periods with no demand at all, but when demand occurs, it is still 

highly variable. 

Smooth: Demand that occurs randomly, with less periods with no demand, and the variability of 

demand size is modest. 

Intermittent: Demand that occurs randomly, with many periods of no demand at all. 

In summary, effective inventory management involves dividing demand into independent and 

dependent demand and applying appropriate inventory management strategies to each. Thus, any 

companies can ensure the availability of spare parts when needed and improve their inventory 

levels. 

Stock-Out 

Different situations occur when stock products occur, depending on the distribution inventory 

and Inventory shortages, particularly in the case of spare parts or equipment maintenance 

activity, can have significant consequences. These include disruptions in operations, extended 

periods of downtime, and increased costs. therefore, reducing maintenance inventory is essential 

to prevent operational delays and costly downtime in maintenance and spare parts management. 

On the other hand, when distribution accumulation occurs, the impact on the organization is 

usually not significant. Organizations can tolerate short-term unavailability of certain spare parts 

as minor problems. As a result, suppliers such as wholesalers and retailers may be more tolerant 

of distribution inventory because wholesalers may not significantly impact customer satisfaction 

or overall inventory availability. 

When a supplier faces insufficient inventory and is unable to meet the customer's demand for 

spare parts, four possible outcomes may occur: 

The customer may not be willing to wait for new stock to become available and seeks alternative 

solutions or suppliers to fulfill their needs. The customer may choose to switch to another 

supplier who can provide the required spare parts promptly The unavailability of necessary spare 

parts may 
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lead the consumer to choose not to proceed with the purchase, ultimately resulting in a lost sale. 

Unfulfilled demand in maintenance and spare parts management can potentially result in the 

permanent loss of the customer's business. These outcomes highlight the potential consequences 

of stock-outs in maintenance and spare parts management, emphasizing the importance of 

maintaining adequate inventory levels to meet customer needs and avoid disruptions in 

operations. 

In conclusion, the stock results have different implications depending on the distribution or 

maintenance stocks, especially the maintenance and spare parts management situation. The 

weight of the impact on the supplier and the customer is different, which leads to different 

perspectives on stock withdrawal. Minimizing maintenance inventory is critical to preventing 

disruptions to operations, while distribution inventory can be more tolerable for customers and 

suppliers. The consequences of out-of-stocks on replenishment can range from waiting for 

replenishment to lost sales and even losing customers, the impact on the overall bottom line 

ranging from best to worst. 

Safety Stock 

Safety stock is a crucial of inventory management that acts as a buffer to mitigate fluctuations in 

demand or supply. Its primary purpose is to address uncertainties stemming from factors like 

unpredictable demand patterns, delays in lead time, or inadequate delivery. By including an 

optimal amount of safety stock in the calculations of the reordering system, companies can 

maintain an adequate inventory level that guards against stock-outs during regular operations. 

The main objective of safety stock is to protect customer service from disruptions. When actual 

acustomer orders surpass the predicted demand, having sufficient safety stock becomes vital to 

fulfill those orders and prevent potential customer service problems. 

Determining the optimal quantity of safety stock requires careful consideration of various 

factors. Recent history-data demand patterns, lead time, and the desired service level are among 

the key parameters that need to be taken into account. Striking the right balance between service 

level and inventory investment is crucial to ensure that the safety stock quantity is neither too 

excessive, tying up valuable resources, nor too inadequate, leaving the company vulnerable to 

stock-outs. 
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𝑆𝑆 = 𝑍 ∗ 𝜎 ∗ √(𝑇 + 𝑇 ∗ 𝐿)                                             (3) 

𝑇𝑆𝐿 = 𝐷 ∗ (𝑇 + 𝑇𝐿) + (𝑍𝛼 ∗ 𝜎 ∗ √(𝑇 + 𝑇𝐿)                                             (4) 

Order quantity = target stock level − stock on hand − stock onorder           (5) 

where Z is the inverse number of the normal distribution according to the service level 〈, T is 

stock checking period, LT is lead time, D is average demand, and target stock level (𝑇𝑆𝐿 )is 

maximum stock(Ermawanto & Kurniati, 2021). 

In conclusion safety stock plays a vital role in inventory management by acting as a buffer 

against demand and supply uncertainties. Its purpose is to prevent stock-outs and maintain 

customer service levels. By carefully evaluating demand patterns, lead time, and desired service 

levels, companies can determine the appropriate quantity of safety stock needed to effectively 

manage their inventory and fulfill customer orders in a timely manner. 

 

Inventory policy 
 

Inventory policies play a crucial role in managing spare parts inventory throughout a product's 

life cycle. Different policies are implemented based on the specific phase, including continuous 

review and periodic review policies in the initial and maturity phases, and final order policies in 

the end- of-life (EOL) phase. 

Inventory policies are essential for managing spare parts inventory throughout a product's life 

cycle. There are different types of continuous review and periodic review policies commonly 

used: 

 

A. Continuous Review Policies Are The (S, S) Policy and the (Q, R) Policy. 
 

(s, S) policy: Under the (s, S) policy, the inventory level is continuously monitored, and when it 

falls below a specified reorder point (s), a new order is placed to replenish the inventory. The 

order quantity is determined by the difference between the target order-up-to level (S) and the 

current inventory level. This policy ensures that the inventory is maintained within a certain 

range to meet anticipated demand and minimize the risk of stockouts. The (S-1, S) policy is a 

variant of the (s, S) policy commonly used for repairable spare parts, where one unit is ordered 

for each unit used, reflecting the repair process
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(q, r) policy: The (q, r) policy is another type of continuous review policy used for spare parts 

inventory management. In this policy, a fixed order size (q) is placed when the inventory level 

reaches or falls below a predefined reorder point (r). This ensures that a predetermined quantity 

is ordered whenever the inventory level drops to a certain threshold. The (q, r) policy helps 

maintain a consistent inventory level and simplifies the ordering process by using a fixed order 

size(Ermawanto & Kurniati, 2021). 

 

B. Periodic Review Policy: 
 

(R, S) policy: The spare parts inventory level is monitored periodically in cycles. At the start of 

each fixed ordering cycle (R), orders are placed to bring the inventory level up to an order-up-to 

level (S). The length of the ordering cycle is predetermined by decision makers. 

C. Final Order Policy: 

When the availability of spare parts is discontinued, a final order is placed to fulfill the demand 

during the end-of-life (EOL) phase. This is known as the EOL inventory problem or final buy 

problem (FBP) in the maintenance context. Determining the appropriate quantity for the final 

order is crucial to balance obsolescence and disposal risks and avoid supply shortages that could 

result in penalties or damage to customer satisfaction or the brand image. 

Reorder point = (Average daily demand ∗ lead time) + safety stock                                             

(6) 

2.2. Optimization of Stock Levels and Lead Time in Spare Parts Inventory 

Management 

Optimizing stock levels and lead time in spare parts inventory management is crucial for 

efficient operations. Various factors, including production dependence, and delay time, influence 

stock levels and lead time (Ramezani & Hoseinzadeh, 2022). Researchers have proposed 

different models and methods for inventory optimization, such as parameterized inventory 

policies and neural network-based algorithm. To achieve optimal stock levels and lead time, it is 

recommended to consider the ambiguity faced by risk-neutral managers. These managers tend to 
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become more conservative in choosing stock levels and safety stock when there is uncertainty in 

lead time(Kim et al., 2022). Mathematical optimization, least squares, and regression analysis 

can be utilized to determine optimal supply sizes and minimize the cost of inventory 

management(Perez et al., 2021). Implementing a comprehensive framework like the MRO-

MMM framework can be beneficial in optimizing spare parts management. It covers strategies, 

data management, inventory system optimization, supplier management, and continuous 

improvement(Ramezani & Hoseinzadeh, 2022). A general formula for using optimization 

solvers, such as linear programming or integer programming, to find the optimal order quantities 

that minimize costs while meeting demand requirements: 

Objective Function: Minimize: 

𝑂𝑞 = ∑(𝐶𝑖 ∗ 𝑥𝑖) + ∑(ℎ𝑖 ∗
𝐷𝑖

𝑥𝑖
⁄ )                                    (7) 

Subject to the constraints: 𝑥𝑖 ≥ 𝐷𝑖 for all i (to meet the demand requirements) 

Additional constraints: 𝑥𝑖 ≥ 0 for all i (non-negativity constraint) 𝑥𝑖 is an integer (for integer 

programming, if applicable) 

In this formulation: 

𝑥𝑖 represents the decision variable for the order quantity of spare part i , 𝐶𝑖 represents the 

ordering cost per unit for spare part i ℎ𝑖 represents the holding cost per unit per year for spare 

part i. 𝐷𝑖 represents the annual demand for spare part i. 𝑑𝑖 represents the minimum demand 

requirement for spare part i. The objective function consists of two parts: 

The sum of the ordering costs= (∑ (𝑐𝑖 * 𝑥𝑖)) represents the cost of placing orders for each spare 

part. The sum of the holding costs= (∑ (ℎ𝑖 * (𝐷𝑖 / 𝑥𝑖))) represents the cost of holding inventory 

for each spare part, accounting for the annual demand and the order quantity. 

The constraints ensure that the order quantity for each spare part is equal to or greater than the 

minimum demand requirement to meet the demand requirements. 

Additional constraints, if applicable, may include constraints on maximum order quantities, 

capacity constraints, or other specific requirements of the inventory management system. 

By solving this optimization problem using appropriate solvers, you can find the optimal order 

quantities that minimize costs while meeting the demand requirements. The solution provides 

insights into efficient inventory management decisions, such as order quantities, reorder points, 

and safety stock levels. 
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2.3. Decision Support Systems (DSS) in Inventory Management 

Researchers in inventory management are focused on addressing key problems such as 

uncertainties in demand and supply, ordering decisions, and inventory ranking. They aim to 

develop strategies, models, and decision support systems (DSS) to manage uncertainties and 

achieve optimal inventory replenishment (Alahmadi & Jamjoom, 2022). Various researchers in 

this field have tried to put tools and methods in their studies to help companies make informed 

ordering decisions and improve inventory management practices. The focus is on optimizing 

order quantities, reordering points, and inventory maintenance decisions to reduce costs, improve 

efficiency, improve inventory control, and ultimately contribute to companies' 

profitability(Rubel, 2021). Additionally, inventory ranking systems have been suggested to 

prioritize items based on quantitative and qualitative factors, ensuring that resources are 

allocated to the most critical items(Antosz & Ratnayake, 2019). Their overall goal is to provide 

innovative solutions that enhance operational performance and drive business success. 

Accurate demand forecasting is critical to determining optimal inventory levels(Chawla & 

Miceli, 2019). By analyzing historical data, market trends and spare parts demand, the 

organization can make informed decisions about inventory replenishment and avoid excess spare 

parts inventory. Decision support systems help analyze and forecast demand patterns, allowing 

for more accurate equipment management decisions (Vicil, 2021). 

To address these challenges proactively, it is crucial to employ effective inventory control 

optimization techniques, such as the Reorder Point (ROP) approach(Ali & Ratnayake, 2023). 

The primary objective is to efficiently manage the inventory of spare parts and minimize the risk 

of stock shortages. However, it is common for safety stock levels and replenishment schedules to 

be overlooked, which can result in delays in delivering goods(Efrilianda & Isnanto, 2018). 

Implementing inventory control procedures in the central warehouse is vital to maintain a well- 

balanced inventory of spare parts. By utilizing a safety stock approach, optimal minimum and 

maximum stock levels can be determined, leading to reduced overall supply chain cost (Kim et 

al., 2022). The Reorder Point (ROP) plays a critical role in determining the ideal timing for 

restocking spare parts, ensuring timely availability when maintenance is required. 

Implementing the economic order quantity (EOQ) model in inventory management offers 

numerous advantages. It helps reduce inventory and maintenance costs as well as shipping 
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expenses by determining the optimal order size. EOQ also minimizes ordering costs by 

optimizing the frequency and processing of orders(Gallego-García et al., 2021). The model 

enhances stock control accuracy, allowing for timely identification of shortages or surpluses. It 

facilitates improved supplier negotiations by providing economic-based order quantity 

information. Additionally, EOQ improves company satisfaction by ensuring product availability 

and reducing backorders. To calculate EOQ, you gather data on demand, unit cost, ordering cost, 

and holding cost, and apply the formula. 

𝐸𝑂𝑄 = √
2∗𝐷𝑒𝑚𝑎𝑛𝑑∗𝑜𝑟𝑑𝑒𝑟 𝑐𝑜𝑠𝑡

ℎ𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡
                                             (8) 

 

𝐸𝑂𝑄 = √
2𝐷∗𝑆

𝐻
                                                                     (9) 

Since, the order spare parts are different items the average unit cost (i) must be need to  

analysis holding cost. 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 (𝑖) =
∑ 𝑒𝑎𝑐ℎ 𝑢𝑛𝑖𝑡 𝑐𝑜𝑠𝑡

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑡𝑒𝑚𝑠
                                           (10) 

𝐻𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡𝐶𝑐 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑢𝑛𝑖𝑡 𝑐𝑜𝑠𝑡 ∗ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑐𝑎𝑟𝑟𝑦𝑖𝑛𝑔𝑐𝑜𝑠𝑡                (11) 

𝐴𝑛𝑛𝑢𝑎𝑙 ℎ𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡(𝐻𝐸) =
𝑄

2
∗ 𝐶𝑐                                         (12) 

𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑒𝑡𝑢𝑝 𝑐𝑜𝑠𝑡(𝐶𝐸) =
𝐷

𝑄
∗ 𝐶𝑂                                              (13) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 (𝐼) =
𝑄

2
                                                      (14) 

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟(𝑁) =
𝐷

𝑄
                                        (15) 

 

𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑡𝑢𝑟𝑛𝑠 =
𝑎𝑛𝑛𝑢𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦
                                          (16 

 

𝑅𝑒𝑜𝑟𝑑𝑒𝑟 𝑝𝑜𝑖𝑛𝑡(𝑅𝑂𝑃) = 𝑑𝑒𝑚𝑎𝑛𝑑𝑝𝑒𝑟𝑑𝑎𝑦(𝑑) ∗ 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 𝑛𝑒𝑤 𝑜𝑟𝑑𝑒𝑟(𝐿)                            (17) 

𝐷𝑒𝑚𝑎𝑛𝑑 𝑝𝑒𝑟 𝑑𝑎𝑦(𝑑) =
𝑑𝑒𝑚𝑎𝑛𝑑

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑑𝑎𝑦
                            (18) 

𝑅𝑂𝑃 = 𝑑 ∗ 𝐿                                                                                  (19) 

Therefore, total existing annual inventory cost=annual holding cost + annual set up cost 
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 𝑇𝐼𝐶 = 𝐻𝐸 + 𝑆𝐸                                                                              (20) 

Identify the costs associated with placing an order, including activities such as order processing, 

transportation, and paperwork. These costs may include fixed costs (e.g., setup costs) and 

variable costs (e.g., transportation costs per order). 

Evaluate the costs of holding inventory, which include expenses such as storage, insurance, 

obsolescence, and financing. Calculate the holding cost per unit per year, considering factors like 

storage space requirements, interest rates, and inventory carrying costs 

However, it's important to consider factors like lead time variability and seasonality. Inventory 

management software automates inventory tracking, offers real-time visibility, and provides 

predictive capabilities (El Jaouhari et al., 2022). It streamlines order fulfillment processes and 

integrates with other business tools. Investing in inventory management software can enhance 

efficiency, reduce costs, and increase customer satisfaction. 

This includes maintaining proper inventory levels to avoid stock outs or overstocking at any 

time. Applying the right-time method has been suggested as an effective option to prevent the 

optimal stock-out. 

Effective supply chain management and collaboration are essential for the success of company. 

Collaborative planning, forecasting, and replenishment (CPFR) are particularly important in 

strengthening supply chain management. When a company manages its supply chain well, it can 

enjoy several advantages, such as reduced maintenance costs, improved distribution, and better 

inventory management (Alahmadi & Jamjoom, 2022). 

To make informed decisions and ensure smooth coordination among partners, it is crucial to 

have an efficient flow of information within the supply chain. Sharing information allows for 

quicker order fulfillment and supports activities like procurement and maintenance scheduling 

(Alahmadi & Jamjoom, 2022). 
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Figure 3:Conceptual Design of DSS drawing [author] 

 

2.4. Maintenance and Repair Cost Management 

2.4.1. Maintenance Management 

The key components maintenance management are defining the maintenance strategy and 

implementing the strategy (Errandonea et al., 2020). The first part involves establishing the 

maintenance objectives, which are derived from the organization's business plan. This initial 

phase is crucial as it sets the foundation for the success of maintenance activities within the 

organization. The effectiveness of subsequent activities such as developing maintenance plans, 

creating schedules, implementing controls, and making improvements depends on the clarity and 

alignment of the maintenance objective (Al-Turki et al., 2019). Therefore, the definition of the 

maintenance strategy plays a vital role in improving the overall effectiveness of the maintenance 

management process. Therefore, the maintain of the maintenance strategy plays a vital role in 

shaping the overall effectiveness of the maintenance management process(Er-Ratby & 

Mabrouki, 2018). The second part of the process, the implementation of the selected strategy has 
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a different significance level. Our ability to deal with the maintenance management 

implementation problem for instance, our ability to ensure proper skill levels, proper work 

preparation, suitable tools and schedule fulfilment (Silvestri et al., 2020). 

2.4.2. Maintenance Cost 

Different research explains the importance of controlling maintenance costs for construction 

equipment in the construction industry (Chong et al., 2019). It highlights that maintenance costs 

account for 15% to 37% of a machine's major costs over its service life (Thomas & Thomas, 

2018). Accurately predicting maintenance costs is important for budget planning, resource 

allocation, and equipment management decisions (Yip et al., 2014). 

Effective inventory management is crucial for optimizing inventory control and minimizing costs 

(Yip et al., 2014). Some organizations adopt a hybrid approach to strike a balance between 

inventory levels and spare part costs. Key components of spare parts management include 

maintaining a well-functioning parts supply chain, implementing real-time inventory systems, 

utilizing warehouse management systems, and integrating with enterprise resource planning 

(ERP) systems (Jenvald & Hovmöller, 2020). 

The management of spare parts and supplies is a vital aspect of materials management, 

particularly when dealing with the random failures of construction equipment (Ramos et al., 

2020). The objective is to ensure that equipment is in good working order when needed, and the 

availability of spare parts may be impacted by delays caused by unpredictable events. Such 

delays can have significant human and financial consequences. Additionally, equipment 

naturally undergoes wear and tear, necessitating the use of spare parts. If the necessary parts are 

not available, the equipment remains inactive (Kelly, 2021). 

The utilization of technology, such as inventory management software, barcode systems, and 

RFID tracking, can streamline inventory management processes. The IoT revolutionizes 

inventory management and supply chains by providing real-time tracking, enhanced efficiency, 

predictive analytics, and improved decision-making(Mashayekhy et al., 2022). IoT devices 

enable accurate inventory tracking, optimize logistics, improve warehouse operations, and ensure 

regulatory compliance. They facilitate continuous improvement in the supply chain through the 

utilization of real-time data. By leveraging IoT technology, businesses can achieve cost-effective 

and efficient inventory management, leading to better visibility, reduced costs, and improved 
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Inventory 
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Monitoring and 

ordering 
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Inventory control 

limit 

Replenishment 

decision 

satisfaction (Masudin et al., 2021). 

2.4.3. Proposed Conceptual Framework 

Based on the existing theoretical and empirical literature, previous studies have individually 

investigated determinants of inventory performance, including inventory monitoring and 

ordering, control limits, replenishment decisions, and maintenance cost reduction. 

To address this gap, the proposed conceptual model integrates all four determinants of inventory 

performance. By considering inventory monitoring and ordering, control limits, replenishment 

decisions, and maintenance cost reduction within a unified framework, the model offers a 

holistic understanding of their collective influence on inventory performance. 

 

This comprehensive approach fills a research gap, providing a framework that examines the 

interplay between determinants of inventory performance. By analyzing the relationships 

between inventory monitoring and ordering, control limits, replenishment decisions, and 

maintenance cost reduction, researchers can gain valuable insights into the complex dynamics of 

effective inventory management practices. 

 

 

 

 

 

Figure 4: Conceptual Framework for Research [author] 

 

The literature reviews a significant research gap in examining the relationship between inventory 

management practices and organizational performance in the construction industry. Although 

existing studies emphasize the importance of accurate demand forecasting(Hu et al., 2018), spare 

parts 
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Management(Muniz et al., 2021), and maintenance procedures(De Jonge & Scarf, 2020), there is 

little comprehensive research that directly examines the impact of an inadequate inventory 

management system on equipment maintenance performance, efficiency, and overall 

organizational success. 

Furthermore, there are research gaps; for example, specific techniques or models for demand 

forecasting spare part requirement in the construction industry have not been identified. The 

studies have not been able to focus on the development of accurate forecasting methods prepared 

for the specific characteristics and challenges of the construction sector. This gap has forced 

construction companies to unproper optimize stock level. 

The key research gaps related to the use of decision support systems (DSS) in inventory 

management are: 

▪ There is a lack of thorough exploration on how DSS can be customized to cater to the unique 

requirements of supply chain management, especially for small and medium-sized 

enterprises (SMES). 

▪ Insufficient empirical studies on the practical application and impact of DSS in enhancing 

control decisions and supporting decision-makers within supply chains. 

▪ The integration of emerging technologies like AI and blockchain into DSS for supply chain 

management. 

▪ There is a lack of comprehensive research on the effects of DSS on critical aspects of supply 

chain operations, such as cost reduction, efficiency improvements, and sustainability 

practices. 

▪ The lack of studies on integrating Industry 4.0 concepts with circularity for sustainable value 

creation and designing strategic frameworks aligned with organizational goals. 

▪ There is a gap in understanding how the integration of IOT systems can optimize inventory 

management processes and how traditional inventory replenishment policies need to evolve 

to adapt to modern technologies. 

To address these gaps, current research aims to develop a comprehensive understanding of the 

relationship between ineffective inventory management practices and minimizing repair cost 

within the case company. This increases demand forecasting accuracy by improving data 

analysis and historical data analysis to anticipate and meet efficiency needs. In addition, the 

study provides recommendations and implementation strategies to enhance spare parts 
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management, reduce maintenance costs and improve operational efficiency in the fleet; 

Increasing awareness of inventory management practices, technology adoption and maintenance 

will also be explored. 

In addition, the study will provide insights to optimize maintenance procedures to reduce costs, 

reduce equipment downtime. This results in cost savings and increases equipment reliability. By 

addressing this research gaps, this study aims to contribute to a deeper understanding of how 

ineffective inventory management practices company performance. 

At the conclusion of this research, we will have a deeper understanding of the importance of 

incorporating efficient inventory management systems and repair cost. This study used important 

insights into the importance of accurate demand forecasting, spare parts management and 

maintenance practices, and provides recommendations and implementation strategies to improve 

inventory management, reduce maintenance costs and improve maintenance efficiency in the 

case company. 
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CHAPTER THREE 

3.Research Methodology 

3.1 Introduction 

The planning and methodology of a research study are road map in charting the path towards 

achieving the desired outcomes. In this research thesis paper, our approach will be 

comprehensive as we research into examining the relationship between inventory management 

and repair costs, with a specific focus on the significance of spare parts management and 

maintenance practices. this research methodology involves several key steps. 

Firstly, we will analyze historical maintenance records to identify patterns of equipment failures 

and the factors contributing to repair costs and evaluate the effectiveness of preventive 

maintenance strategies in reducing such expenses. 

Secondly, we will collect data on spare parts inventory levels and evaluate their availability 

during repair requirement. This will enable us to assess the impact of stockouts on repair costs, 

providing valuable insights into the relationship between inventory management and 

maintenance expenses. 

Different data analysis techniques available to help identify the relationship of inventory and 

repair cost, such as implement transaction processing systems, management information systems, 

and decision support systems to achieve high-quality inventory management, reduce 

maintenance costs, and ensure the good inventory management systems. 

Transaction process system (TPS) is designed to handle and process routine, day-to-day 

transactions and operational tasks of an organization while management information system 

(MIS) systems focus on collecting, organizing, and presenting summarized information from 

various sources within an organization to support managerial decision-making. In particular this 

research paper decision support systems (DSS) will be our preferred choice due to their 

specialized design for supporting decision-making processes. DSS systems offer relevant 

information, analytical tools, and models that can be tailored to different decision contexts and 

user requirements. They provide interactive and user-friendly interfaces, facilitating data 

exploration, analysis, and scenario evaluation. By incorporating decision-making support tools 

such as data mining, demand, optimization, and visualization, DSS systems enhance the 
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decision-making process. 

However, Decision support system provide real-time or near real-time access to timely 

information, enabling informed and timely decision-making. Their emphasis on decision support 

knowledge and methodology, including best practices, decision models, and analytical 

techniques, ensures the reliability and effectiveness of the research findings. 

 

In summary, our methodology aims to develop a comprehensive understanding of how spare 

parts management and maintenance practices influence the dynamics of maintenance costs 

within the context of inventory management. By employing a well-designed approach, 

incorporating data analysis techniques and leveraging DSS systems, we anticipate gaining 

valuable insights that can contribute to optimizing inventory management and reducing repair 

costs in practical settings. 

 

3.2 Research Design 

The research design for this study focuses on gathering and understanding of the subject by 

collecting both primary and secondary data from internal stakeholders within the company. The 

primary data will be collected using methods such as observations, interviews, and historical data 

for secondary data available within the organization. 

Primary data collection through observations involves directly observing and documenting the 

relevant processes, activities, related to spare parts inventory management and repair costs. This 

provides firsthand information and  capture real-time insights. 

Interviews will be conducted with internal stakeholders, including management staff, 

maintenance personnel, and inventory management staff. The interviews will involve face-to-

face communication to gather detailed perspectives, experiences, and expertise. By engaging in 

direct discussions, can obtain valuable qualitative data that helps uncover challenges, practices, 

and decision-making processes related to spare parts inventory management and repair costs. 

In addition to historical data available within the organization, such as inventory management, 

reports, documents used for secondary data sources, and lead time. Analyzing this secondary 

data provides a broader context and identify patterns, trends, and areas for improvement in spare 

parts inventory management and repair costs. 
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Both primary and secondary data collection methods, for this research design get comprehensive 

and reliable information. This approach enhances the accuracy and validity of the research 

outputs and facilitates the development of effective strategies for improving spare parts inventory 

management and reducing repair costs within the company 

3.3 Data collection 

The data collection process for the research on inventory management in case company involves 

several methods, including observation, interviews, and questionnaires. Benchmarking is used to 

gain insight into current work practices by interviewing employees from different departments. 

Both qualitative and quantitative data collection methods are used to ensure a descriptive 

approach, using both primary and secondary data sources. Primary data will be collected through 

direct observation, semi-structured interviews, which will provide direct information from key 

informants. Secondary data sources, such as articles, journals, reviews, reports, documents and 

visual aids related to spare parts inventory management are recommended to support and 

confirm the findings from the primary data collection. 

3.3.1 Observation 

During the observation phase of developing Sunshine Construction's parts inventory 

management decision support system (DSS), specific areas such as , maintenance department, 

spare part main Wearhouse on Gelan workshop. On-site observations are carried out to collect 

information on inventory levels, stock management practices, sequence of orders, usage patterns, 

maintenance procedures, documentation and record keeping. Challenges and obstacles are 

identified and documented. The observations collected are analyzed and interpreted to guide the 

design of the DSS. The ultimate goal is to reduce maintenance costs, increase the efficiency of 

maintenance operations and improve inventory management system on Sunshine Construction 

company. 

3.3.2 Interview 

This study is to collect information about the inventory and maintenance management system in 

the Sunshine construction. Interviews with these key informants are conducted to gather general 

information on inventory management, identify challenges in this area and explore opportunities 

for improvement, and for clarity that gather by observation. The interview questions covered a 
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variety of topics including tracking and tracing of spare parts inventory, sorting and storage 

practices, techniques used for inventory control, decision-making processes for re-ordering spare 

parts, spare parts usage patterns, documentation and recordkeeping. Practices, communication 

and collaboration among stakeholders, cost drivers and efficiencies, and opportunities to 

optimize spare parts utilization and reduce maintenance costs. Specific interview questions and 

information about key informants are listed in appendix A; 

3.4 Literature Review 

The literature review section of the thesis proposal examines the inventory management in the 

construction industry. It focuses on several key areas, including optimizing stock levels, lead-

time, decision support systems (DSS) in inventory management, and maintenance and repair cost 

control. 

One of the main issues identified in the review is the effective management of reducing 

maintenance costs. This includes considering the impact of spare parts management on 

maintenance demand. Accurately predicting maintenance costs related to equipment maintenance 

and replacement is critical to asset allocation and decision making. 

The reviews explore the role of inventory policies in controlling spare parts inventory throughout 

the product life cycle. It considering strategies such as the (s, s) policy and the (q, r) policy, 

which are typically used to maintain the optimal level of inventory and reduce inventory risk. 

In addition, the reviews emphasize modern inventory management technologies and decision 

support systems (DSS). These tools can improve inventory control and facilitate informed 

decision-making processes. By analyzing historical data and spare parts demand, companies can 

make better decisions about inventory replenishment and avoid excess inventory. 

In addition, the reviews emphasize the importance of effective collaboration and information 

sharing to achieve efficient spare parts inventory management. In their assessment, they tried to 

put that collaboration between different stakeholders like maintenance teams, warehouse team 

and procurement departments can lead to improved inventory control and better overall results. 

Overall, the thesis aims to improve inventory performance, reduce costs, and promote business 

success in inventory management in the construction industry. The study aims to contribute to 

the 
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development of inventory management practices by adjusting the inventory management of 

various spare parts in the Sun Construction Company. This includes consideration of factors such 

as demand forecasting, inventory policies, maintenance cost control, and technology integration. 

By exploring these areas and providing innovative solutions, the study aims to improve product 

performance, reduce costs and bring about business success in spare parts management at Sun 

Construction Company. 

3.5 Source of Data 

In research, data can be obtained from a variety of sources, depending on the nature and 

objectives of the study. The two main types of data sources are primary and secondary. 

When selecting data sources for this study, the research objectives, the chosen methodology, and 

ethical consideration. The data sources should provide relevant and reliable information that can 

answer the research questions or test the hypotheses. Often, a combination of primary and 

secondary data sources will be used to gather comprehensive and reliable data for the study. The 

choice of data sources will be made strategically to ensure the validity and robustness of the 

research findings 

3.5.1 Primary Data Source 

The data collected from primary sources would be used in both quantitative and qualitative data 

types. 

Quantitative data is numerical in nature and involve measurement of variables. In the context of 

spare parts inventory management and repair costs, quantitative data can be obtained through 

various primary data collection methods within the company. For this research by observing 

exciting system gathering the following: 

Existing company data on inventory levels and stock requirements: By observing and recording 

the inventory levels of spare parts at different time points, collect quantitative data on the 

quantity and availability of stock.
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Repair costs related to spare parts and labor: collect quantitative data on repair costs by directly 

recording the actual expenses incurred for spare parts replacements, labor charges, and 

associated costs. 

Maintenance cost: By analyzing historical maintenance records and conducting interviews with 

maintenance staff, gather quantitative data on maintenance costs, including the expenses 

associated with maintenance requirements, repairs, and failure rates. 

These quantitative data used to identify patterns, trends, and relationships between inventory and 

repair cost. This analysis can provide insights into the effectiveness of the current spare parts 

inventory management practices and the associated repair costs with in the company. 

Qualitative data also, which is valuable insights into the experiences, perspectives, and opinions 

of individuals engaged in spare parts inventory management and maintenance. By conducting 

interviews and making observations, collect qualitative data that aids in comprehending the 

underlying factors, challenges, and decision-making processes associated with inventory 

management and repair costs. 

3.5.2 Secondary Data Source 

Secondary data will be collected from Sunshine Company, reports, and Written documents, on 

the subject matter, inventory, and maintenance activity existing system related to historical data 

spare parts available, demand pattern, and lead time. 

3.6. Method of Data Analysis and Tools 

This paper utilizes quantitative approaches to study, the data collected will be calculated by excel  

, to set the rank the items based on their select criteria, and item demand data, lead times, or 

other factors used for categorization respectively, and (EOQ) Mathematical analysis of economic 

order quantity Model used to determine the optimal         .
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The research methodology for this study was designed to address the research questions raised, 

and it involved the following phases: 

First, specifically focusing on optimizing stock levels and leading time , communication among 

internal departments to accurate information flow, and how can organization develop a decision 

support system .Next, conduct an extensive literature review to gather knowledge and best 

practices related to inventory management by different author perspective, inventory 

optimization, and lead time improvement to identify relevant theories, methods, and information 

flows. 

The next step involves collecting relevant data to provide a basis for analyzing and improving 

inventory management practices in spare parts management, including information on stock 

levels, lead times and maintenance costs. After the data is collected, selects data analysis tool and 

model based on the research question and the available resources. In this case, utilizes the FMEA 

analysis tool and the EOQ (Economical Order Quantity) model. 

This may employ mathematical optimization models, decision support systems, and statistical 

analysis as part of the chosen methods. These tool and model are carefully selected to align with 

the research objectives and facilitate the development of effective models. Range of statistical 

techniques and procedures to explore, classified and interpret the data. This can include 

descriptive statistics, and regression analysis by using SPSS data analysis tool. 

In addition, integrated these EOQ model into the analysis. The EOQ model is an inventory 

management technique that used to determine the optimal order quantity that minimizes total 

inventory costs. By incorporating this model, the study can assess and optimize inventory 

management practices in relation to the research question. The models are built to take into 

account various factors such as demand patterns, lead time variability, cost estimation and 

service level requirements, focusing on the methods chosen to optimize stock levels and lead 

time. 

The results of the models are used to analyze different scenarios and evaluate possible strategies. 

this allows for a comprehensive assessment of the inventory management approaches on stock 

levels and lead times. Then tested to ensure the verify and reliability of the models. This 

verification process helps to ensure efficiency in representing the complexity of spare parts 

management. 
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After the analysis and testing is completed, the results are interpreted to a meaningful conclusion, 

the research findings and recommendations will contribute to the existing knowledge in 

construction equipment maintenance and inventory management. They will provide valuable 

insights for future research and assist other companies in the industry facing similar challenges. 

By addressing research gaps and proposing innovative solutions, the research will advance the 

understanding and practices in inventory management, technology adoption, and maintenance 

within the construction sector. 

3.7. DSS Framework Development for Inventory Management in case company. 

Sunshine Construction Company's primary challenge is the cost of equipment maintenance due 

to inefficient inventory management and maintenance practices. Decision support for inventory 

management and maintenance optimization is fundamental to solving this problem. A Decision 

Support System (DSS) has key features that can address this issue, such as better inventory 

optimization based on historical data, demand patterns and lead times, as well as types of 

equipment failures. The DSS can also facilitate a maintenance schedule to ensure maintenance is 

done at the right time, and include parts management to track usage, monitor finish, and 

recommend replacements. Additionally, the DSS's comprehensive reporting and analytics 

capabilities can help Sunshine Construction Company make data-driven decisions. 

Key issues to consider in the implementation of the DSS include detailed historical and current 

inventory data, demand and consumption status, financial data and supplier data, as well as 

maintenance history and equipment information including comprehensive maintenance records, 

equipment specifications and failure information. The DSS should also incorporate resource 

information, equipment usage, maintenance budgets and costs, and return on investment for 

maintenance operations, and identifying opportunities for improvement, and aligning with a case 

company core business objective. 

By addressing these key issues and implementing the recommended DSS features, a case 

company can significantly reduce maintenance costs, improve equipment reliability and 

availability, and increase the overall efficiency and profitability of their construction operations. 

The adoption of 
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Input DSS OUTPUT 

an interactive, computer-based information system like a DSS will be particularly useful for 

Sunshine Construction Company in managing their inventory and maintenance optimization. 

 

 
 

 

 
 

 

Figure 6:  Model Framework for DSS Developed [by author] 

 

 
Figure 7:Inventory Tracking [source:(Moradizadeh, 2019)]
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Inventory tracking a crucial role in our model, as it facilitates the coordination between the 

inventory department and the maintenance department. The inventory state is managed using a 

deterministic model that incorporates the concepts of reorder point and economic order quantity, 

as depicted in Figure above. 

When the stock level decreases to a specified reorder point, an order is placed with the supplier 

for a lot size known as the economic order quantity. After an order is placed, the warehouse 

manager ordered items to replenish the inventory, which occurs during a lead time. The lead time 

represents the time gap between when the order is placed with the received. 

Accurately estimating the lead time for a new order (L) can be challenging, especially when 

faced with different scenarios that make it difficult to easily access. In such cases, the application 

of thumb rules can still be beneficial. 

When dealing with a new order where the lead time (L) is not readily available, thumb rules can 

serve as a starting point for the estimation process. These simple, rule-of-thumb guidelines can 

provide a reasonable baseline for the expected lead time Lead time new order (L) difficult to 

easily access because at different scenario, for this thumb rule apply, the challenging conditions 

of high ordering process complexity, frequent order modifications, supplier unreliability, and 

extensive documentation requirements, there are still scenarios where the application of thumb 

rules for lead time estimation may be appropriate. 

Thumb rules that can help in estimating lead times based on demand levels, for this some 

constant and coefficient mention as the following tables. 

Table 2: [Estimated Lead Time Based on Thumb Ruel, Source:(Baker, 1994),(Chopra & Meindl, 

2001),(Rahimi-Ghahroodi et al., 2019)] 

It Conditions Constant Coefficient’s Estimating   

1 Make-To-Stock A Product a 
 

2-4 Weeks 

2 Make-To-Order A Product a 
 

4-8 Weeks 

3 Highly Customized Product a 
 

8-12 Weeks 

4 Low Complexity and High Volume  
 

b  0.01-0,03 Days/Unit 

5 

Medium Complexity and Medium 

Volume 
 

b 0.03-0.06 Days/Unit 

6 High Complexity and low volume 
 

b 0.06-0.1 Days/Unit 

     
     

 



42 

 

Once you have determined the values for 'a' and 'b', you can apply the lead time formula: 

𝐿𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 = 𝑎 + 𝑏 ∗ 𝑑𝑒𝑚𝑎𝑛𝑑                                             (21) 

To ensure maintenance efficiency, the maintenance department plays a crucial role in 

determining the reorder point and economic order quantity. They provide information and 

insights regarding the maintenance requirements and the expected usage of spare parts. This 

collaboration allows for more accurate inventory management decisions and reduces the risk of 

stock-outs or excess inventory. Additionally, the concept of safety stock is considered in this 

collaboration between the inventory and maintenance departments. Safety stock refers to the 

additional stock held by a company beyond its requirement for the lead time. This buffer stock is 

maintained to safeguard against potential stock-outs due to unexpected variations in demand or 

delays in the supply chain. 

3.8. Optimal Economic Order Quantity (EOQ) 

In a continuous, or fixed order quantity system when inventory reaches a specific level, referred 

to as the reorder point, affixed amount is order, EOQ is an important management system that 

demonstrates the quantity of items to reduce the total cost of both handling of inventory 

(handling cost) and ordering process (ordering cost)(Munyaka & Yadavalli, 2022). The purpose 

of determine the EOQ is to minimize the total incremental cost (TIC), beyond the cost of 

purchasing of spare parts, in considering of two main total cost. For this, Mathematical 

approaches and emphasizes the mathematical model as highly useful to enhance the inventory 

management. 

 

 

 

 

 Figure 8: [Optimal Economic Order Quantity Point source:(Tien et al., 2019)] 
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Particularly, from purchasing point view, TOC, and THC are the additional cost, which incur 

above cost of a material purchased, Therefore, aggregation of both cost (TOC, THC) are known 

as total incremental cost, i.e (Munyaka & Yadavalli, 2022). 

𝑇𝐼𝐶 = 𝑇𝑂𝐶 + 𝑇𝐻𝐶                                             (22 

Were, THC-total handling cost,  

           TOC- total ordering cost 
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CHAPTER FOUR 

4. Data Analysis and discussion 

 

4.1. Introduction 
 

In The Context of Maintenance and Inventory Management, Our Focus Shifts from Components 

Required for Assembly to Identifying critical equipment, machinery, or systems that require 

maintenance. The goal is to ensure an adequate inventory of spare parts to support maintenance 

activities. This involves assessing the maintenance requirements of different assets and 

establishing an inventory of spare parts for each. 

 

Lead time in maintenance refers to the time required to procure or receive spare parts or 

equipment for maintenance purposes. It is crucial to consider the lead time when ordering and 

receiving spare parts to ensure timely maintenance. Additionally, delivery time plays a vital role 

in ensuring that the spare parts are promptly delivered to the maintenance team once they are 

received. 

Component replenishment in the maintenance context involves restocking spare parts or 

equipment after maintenance activities, anticipating changing maintenance requirements. It is 

essential to maintain an optimal level of inventory to minimize downtime and ensure smooth 

maintenance operations. 

To optimize decision-making in maintenance and inventory management, the development of a 

Decision Support System (DSS) is beneficial. The DSS should provide a comprehensive view of 

inventory levels, maintenance requirements, and key decision variables such as reorder points, 

costs, and equipment downtime. By offering valuable insights and analysis, the DSS assists 

maintenance managers in making informed decisions to optimize maintenance operations and 

inventory management. 

To develop an optimized decision support system (DSS) model that links the maintenance and 

inventory based on both observation and recording data, using different optimization techniques. 
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4.2 Current Inventory Controls the Company 

According to the information obtained from the case Company employs various inventory 

control practices, including Enterprise Resource Planning (ERP), the straight-line method, 

physical inventory control systems, and periodic inventory control practices. While the straight-

line method involves arranging materials in a straight line to facilitate visualization and 

identification without any information related to maintenance requirement, the ERP (Enterprise 

Resource Planning) systems are currently used for controlling inventory status for only financial 

purposes but have limitations when it comes to analyzing optimal ordering quantities, timing, 

and frequency of spare parts. ERP alone is not sufficient for effective inventory control and 

planning, and to achieve better outcomes in inventory management. 

In addition to the existing inventory control methods, the company should consider 

implementing the Economic Order Quantity (EOQ) inventory control technique. This technique 

can help improve overall inventory control and planning for the spare parts by analyzing the 

holding cost, annual setup cost, expected number of order quantity, inventory levels, and reorder 

points for each unit of spare parts using the available data. Incorporating EOQ analysis into the 

DSS framework can provide valuable insights to further optimize inventory levels and reduce 

repair costs for this company.
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4.3 Failure Mode and Effect Analysis (FMEA) 

To develops predictive maintenance model by utilize the equipment down status and failures. Failure Mode and Effects Analysis 

(FMEA) is a systematic approach used to identify potential failure modes of a system, process, or component, and evaluate their 

effects and severity. It helps prioritize resources and develop strategies to prevent or mitigate failures. For this specific research 

FMEA can be applied to identify critical failure modes follows these procedures. For this participate different expertise and select by 

the following procedure and criteria. 

  Recommend Details 

No. 

Expertise’s Related Research 

1 

Identify Key 

Stakeholders 

and Experts 

- Engage with the maintenance, operations, and 

procurement departments at Sunshine Construction 

Company to identify the most experienced and 

knowledgeable personnel involved in spare parts 

management and equipment maintenance. 

17 

Ali, M. A., & Ratnayake, R. M. (2023) 

 Consider including experts from the engineering  

teams who have a deep understanding of the equipment 

and failure modes used at Sunshine Construction. 

8 Atnafu, D., & Balda, A. (2018) 

2 

Establish 

Criteria for 

- Define the minimum qualifications and experience 

required for the FMEA experts, such as at least 5 years 

Require at least 

5 years of 

Alahmadi, M. M., & Jamjoom, M. B. 

(2022) 
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Expert 

Selection 

of experience in the construction industry, specific 

knowledge of the equipment and processes used by 

Sunshine Construction, and familiarity with FMEA 

methodology. 

experience in 

the 

construction 

industry and 

FMEA 

methodology. 

Education Qualification of the interview minimum 5 year experienced 

 

 

 Frequency Percent Cumulative Percent 

College 

diploma 

14 56% 0.56 

First Degree 8 32% 0.88 

Second 

Degree 

3 12% 1 
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1. First Identified the Component and Functions 

 
Table 3: Equipment Components and Function Failure Type 

     

 

S/N 
Equipmen

t Type 

Asset Plate 

No 

 

Date In 

 

Down Reasons and Job Orders 

Dozer 

1 Dozer Emm01-12 6/5/2015 
Engine overhaul, final drive, and transmission 

system failures, hydraulic 

2 Dozer Emm01-16 29/8/2015 Engine overhaul needs, hydraulic 

    Final drive failure 

    Undercarriage wear 

3 Dozer Emm01-17 16/09/2015 Under carriage, electric system, transmission over heating 

4 Dozer Emm01-22 6/11/2015 Engine overhaul 

    Transmission system 

    Under carriage, electric system, 

    Control valve malfunction 

    Final drive 

5 Dozer Emm01-13 19/12/2015 Engine overhaul 

    Main hydraulic pump failures 

    Undercarriage wear 

    Final drive damaged 

    Brake system 

    Transmission system failure 

 
6 

 
Dozer 

 
Emm01-33 

 
23/03/2016 

Equalizer bar bearing damage, oil leakage, front 

crank shaft seal leakage. 

Loader 

 
1 

 
Loader 

 
Emm02-09 

 
26/04/2015 

Control valve, engine gasket, starting system, oil 

leakage, hydraulic 

2 Loader Emm02-20 25/12/2015 Transmission gear shifting system, brake system 

3 Loader Emm02-18 13/03/2015 electrical system, ECM, turbocharger 

Back 
loader 

1 back loader Emm 02-2 5/5/2015 Engine overhaul 

Excavator 

 
1 

 
Excavator 

 
Emm03-18 

 
4/11/2015 

 

Bucket pin, and bushing wear, water pump, under 

carriage and rollers wear out, hydraulic system 

 
2 

Excavator Emm03-21 
 
17/12/2015 

Hydraulic main pump, hydraulic control valve, 

engine overhaul 

Grader 

 

1 

 

Grader 
Emm04-07 

 

20/7/2015 

Engine overhaul, and transmission control valve, 

electrical system, hydraulic system 

 

2 

 

Grader 
Emm04-08 

 

13/9/2015 

 

Engine overhaul and electrical system, hydraulic system 

3 Grader Emm04-14 29/11/2015 Engine overhaul, control valve, brake system, transmission 

4 Grader Emm04-09 24/3/2016 Transmission, engine overhaul, hydraulic system, 
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drill 

1 Sandvick drill Emm07-01 2/2/2016 Hydraulic system, control valve 

    Drifter, different filter, seal kit 

    Fuel system 

Dump truck 

1 Dump truck 3-A05545 11/7/2015 Suspension system, tandem housing, cross member, 

2 Dump truck 3-35869 20/7/2015 
General service, electrical system, clutch system, PTO 

pump 

3 Dump truck 3-28228 14/10/2015 Engine power loss, brake system, electrical system 

4 Dump truck 3-A05479 25/03/2016 Front and rear differential, brake system, electrical system 

5 Dump truck 3-28231 3/4/2016 General service, electrical system, dumping body. 

 
6 

 
Dump truck 

 
3-89532 

 
23/04/2016 

 
Engine over haul, suspensions system 

     

Toyota pick up 

1 Toyota pick up 3-27405 17/08/2015 Engine over haul and electrical system 

 
2 

 
Toyota pick up 

3-14189 16/12/2015 
Engine overhaul, body damage and paints, all electrical 

systems 

3 Toyota pick up 3-A26010 12/2/2016 Engine over haul, suspensions system 

4 Toyota pick up 3-82619 25/02/2016 power train, brake system, electrical system 

5 Toyota pick up 3-A26011 20/03/2016 Engine over haul and general service, suspension system 

     

     

     

 

2. For Each Component or Function the Possibility Failure Modes 

The major system can failure modes related to various components or functions. These failure 

modes include issues with the fuel system, combustion system, electrical system, excessive oil 

consumption, and mechanical parts exhibiting wear or damage, the expertise giving a rank value 

from (1 to 10)(Antosz & Ratnayake, 2019). 
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Table 4: Components or Function the Possibility Failure Modes 

 

  
 

Ite

m/ 

Func

tion 

 

 
 

Potential Failure Mode 

 

 
 

Potential Effect 

 

 

 
 

occurrence 

 

 
 

Potential Cause 

 

S
ev

er
it

y
 

 
D

et
ec

ti
o

n
 

Risk 

Priorit

y 

Numbe

r 
(RPN) 

 
1 

engine 
 

Piston ring wear or breakage 
 

Loss of engine power and efficiency 
 
9 

Normal wear and 

tear over time and 

usage 

 
8.2 

 
6.34 

 
442.21 

   
Connecting rod wear or failure 

Increased oil consumption 

and leakage 

 
9 

Excessive loads, 

speeds, or operating 

conditions 

 
8.76 

 
6.39 

 
475.48 

  Crankshaft and bearing wear 

or failure 

 
Coolant leaks and overheating 

 
7 

Lack of proper 

lubrication or 

maintenance 

 
8.78 

 
6.73 

 
413.73 

   
Oil burning or leakage 

Misfiring, rough running, or 

engine stalling 

 
9 

 
Overheating or thermal 
stress 

 
7.56 

 
7.02 

 
450.98 

  Valve mechanism wear 

or failure 

Damage to other engine 

components due to mechanical 

failures 

 
9 

Manufacturing defects 

or poor design 
 
8.38 

 
6.98 

 
496.90 

   
Coolant leaks 

increased fuel consumption 

and increased emissions 
 
6 

Incompatible or poor-

quality replacement 

parts 

 
7.84 

 
7.27 

 
313.52 

  Cylinder head cracking 

or gasket failure 

air babble on radiator, 

engine overheating 
 
7 

Fuel/air mixture 

issues or incomplete 

combustion 

 
8.91 

 
6.89 

 
429.71 

  Cylinder liner and block wear 

or cracking 

engine overheating, 

additional coolant needs 
 
6 

Environmental 

factors like dust, 

debris, or corrosion 

 
9.11 

 
6.49 

 
354.73 

  improper timing, air fuel 

ratio incorrect, valve 

clearance adjustments 

incorrect 

 
 

Incomplete combustion issues 

 
 

9 

  
 

8.73 

 
 

6.82 

 
 

536.23 

         



51  

 
 

2 

 

transmissi

on 

 

Inadequate lubrication or 

oil supply 

 

Increased wear and tear 

on transmission 

components 

 
 

7 

Insufficient or 

improper 

transmission fluid 

maintenance 

 
 

8.44 

 
 

6.62 

 
 

391.45 

  Harsh or abnormal 

shifting techniques 

Difficulty shifting gears or 

erratic transmission operation 
 
7 

Operator inexperience 

or poor shift technique 
 
8.56 

 
6.40 

 
383.29 

  Wear or failure of gears, 
bearings, shafts, 

and synchronizing 

parts 

 

Loss of power transmission 

and driveline failure 

 
 

5 

 

Normal wear and 

tear over time and 

usage 

 
 

8.84 

 
 

6.86 

 
 

272.85 

  Wear or failure of friction 

plates and discs 

Leaks and contamination 

of transmission fluid 

 
5 

Excessive loads, 

speeds, or operating 

conditions 

 
8.56 

 
6.81 

 
262.23 

   
Seal wear or failure 

Overheating and damage to 

internal components 

 
6 

Incompatible or poor-

quality replacement 

parts 

 
7.84 

 
6.46 

 
303.84 

 

 
  Overload or excessive operating 

conditions 

  Lack of proper lubrication or 

seal integrity 

   
391.45 

         

 
3 

 
hydraulic 

 
Worn or leaking seals 

Hydraulic fluid leaks and loss of 

system pressure 

 
8 

Normal wear and tear over 

time and usage 

 
8.29 

 
6.24 

 
414.08 

   
 

Worn or damaged hoses 

 

Reduced efficiency and performance 

of hydraulic components 

 
 

6 

Exposure to harsh operating 
conditions, temperature 

extremes, or contaminants 

 
 

8.62 

 
 

6.63 

 
 

343.16 

   

Wear or failure of internal 

hydraulic components 

Accelerated wear and failure of 

hydraulic pumps, motors, and 
cylinders 

 
 

6 

Improper maintenance or 

replacement of hydraulic 
components 

 
 

8 

 
 

6.71 

 
 

322.13 

   

Contaminated or insufficient 

hydraulic oil 

 
 

Overheating of the hydraulic system 

 
 

7 

Inadequate or improper 

hydraulic fluid selection and 

maintenance 

 
 

7.8 

 
 

6.49 

 
 

354.29 

   

Hydraulic oil cooling system 

issues 

 

Erratic or unpredictable behavior of 

hydraulic-powered equipment 

 
 

5 

Cooling system malfunctions, 
such as fan failures or 

blockages 

 
 

7.53 

 
 

6.07 

 
 

228.51 

   

Air entrainment in the hydraulic 

system 

 

Potential for damage to other 

machine components 

 
 

7 

Air leaks in the hydraulic 

system or improper 

bleeding/purging 

 
 

8.22 

 
 

6.76 

 
 

388.82 
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414.08 

 
4 

 
brake 

Wear and deterioration of brake 

system components 

Reduced braking performance and 

efficiency 

 
8 

Normal wear and tear over 

time and usage 

 
8.36 

 
6.89 

 
431.70 

  Wear or failure of brake discs 

and friction plates, pad lining, 
shoe 

 

Uneven or premature wear of brake 

components 

 
 

7 

 

Operator error or excessive 

braking force application 

 
 

7.78 

 
 

6.49 

 
 

353.28 

  Inadequate maintenance and 

servicing 

Increased stopping distances and 

potential safety hazards 
 
9 

Use of low-quality or 

unsuitable brake materials 
 
7.78 

 
6.49 

 
428.99 

  Vacuum seal leaks in the brake 

booster system 

Increased risk of brake system 

failure or loss of braking control 
 
7 

Lack of proper maintenance, 

inspection, and servicing 
 
7.78 

 
6.49 

 
353.28 

         
431.70 

         

 
5 

 
power train 

Wear or failure of internal and 

external parts: 

Fluid leaks and loss of system 

pressures 

 
6 

Normal wear and tear over 

time and usage 

 
9.62 

 
6.63 

 
351.05 

  Seals, shafts, bearings 

friction disc, pressure plate 
 

Reduced efficiency and performance 
 
8 

Exposure to harsh operating 

environments 
 
8.4 

 
6.31 

 
397.60 

 

 
   

Discs, plates 

Accelerated wear and damage to 

other components 
 
6 

Lack of proper maintenance 

and servicing 
 
9 

 
6.47 

 
320.10 

   
Hoses, pipes, fittings 

Potential for sudden or catastrophic 

failures 
 
6 

Use of inferior or incompatible 

replacement parts 
 
8.17 

 
6.95 

 
340.67 

     Overloading or exceeding the 

equipment's design limits 

,drive long distance, use 

beyond design jobs 

   

     Operator errors or improper 

handling of the equipment 

   

         
397.60 

   

Improper adjustments and 

maintenance 

 
 

Potential for track failure 

 
 

7 

Improper adjustments, 

improper maintenance, or lack 

of regular inspections 

 
 

7.5 

 
 

7.50 

 
 

393.75 

   
 

Hydraulic system issues: 

 

Hydraulic fluid leaks and loss of 

system pressure 

 
 

5 

Hydraulic system issues, such 

as leaks, contamination, or 
component wear 

 
 

6.29 

 
 

4.97 

 
 

156.17 
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Leaks in hoses and fittings 

Reduced efficiency and performance 

of the hydraulic system 
 
6 

  
7.29 

 
5.20 

 
227.41 

  Wear or damage to cylinder 

shafts and rods 

Potential for damage to other 

machine components 
 
8 

  
5.4 

 
4.38 

 
189.17 

         
393.75 

 
 

7 

 
 

suspension 

Wear and deterioration of 
internal and external suspension 

components: 

     

   
Bushings, seals 

Reduced ride quality and vehicle 

stability 
 
9 

Exposure to harsh operating 

environments and heavy loads 
 
7.87 

 
6.20 

 
438.96 

   
 

Weak or damaged springs 

 

Increased stress on other suspension 

and chassis components 

 
 

7 

Improper maintenance, 

adjustments, or replacement of 
worn parts 

 
 

7.71 

 
 

5.61 

 
 

281.16 

   
 

Improper tire inflation pressure 

 

Potential for suspension component 

failure and loss of vehicle control 

 
 

6 

Use of incorrect or 

incompatible suspension 

components and fluids 

 
 

7.93 

 
 

5.98 

 
 

284.30 

   
 

Use of incorrect tire size 

 

Accelerated wear and damage to 

tires, wheels, and other related parts 

 
 

8 

Operator errors or lack of 

attention to suspension and tire 
maintenance 

 
 

7.9 

 
 

6.15 

 
 

389.22 

 

 
   Operation in harsh working 

conditions 

 
6 

  
7.9 

 
6.15 

 
291.91 

    
Delayed replacement of worn parts 

 
6 

  
6.5 

 
7.50 

 
292.50 

    
Lack of regular, proper maintenance 

 
5 

  
6.98 

 
5.00 

 
174.40 

         
438.96 

 
 

8 

 
 

electrical 

 
 

Electrical system issues: 

 

Reduced system performance and 

efficiency 

 
 

7 

Operating the equipment under 

excessive loads or in harsh 
environments 

 
 

6.98 

 
 

5.89 

 
 

287.65 

  Sensor or control component 
failure due to wear, calibration 

issues, or damage 

 

Increased risk of component failure 

and breakdowns 

 
 

8 

Improper installation, 
calibration, or maintenance of 

electrical 

 
 

6.98 

 
 

5.95 

 
 

332.12 

  Wiring and connection 

problems, including corrosion 

and vibration damage 

 

Inaccurate sensor readings and 

control issues 

 
 

6 

Wear and deterioration of 

electrical and mechanical parts 

over time 

 
 

7.02 

 
 

6.01 

 
 

253.30 
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  Wear or failure of electrical 

components like bearings, 

bushings, and fans 

Damage to other related components 

due to electrical or mechanical 

problems 

 
 

6 

Lack of regular inspections 

and proactive replacement of 

worn components 

 
 

6.24 

 
 

5.71 

 
 

214.01 

  Improper installation, 

adjustment, or wear of 
components like V-belts 

  
 

- 

 

Vibration, corrosion, and other 

environmental factors 

   

  Delayed replacement of worn or 

damaged parts 

      

   
Charging system malfunction 

      
332.12 
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2. Assign Severity Ranking 

The Severity Rankings are assigned the above table based on the potential impact of failure 

modes on the system, considering factors like safety hazards, reduced performance, and overall 

system functionality. 

3. Detection Ranking 

These Detection Rankings are assigned on the above table based on the potential impact of 

failure modes on each system and the ability to detect these failures effectively as outlined in the 

observation data. 

4. Risk Priority Calculation 

To calculate the Risk Priority Number (RPN) for each failure mode, you can multiply the 

severity, occurrence, and detection rankings. The RPN provides a numerical value that helps 

prioritize actions based on the highest risks. To calculate the RPN first, assign a severity ranking 

to each failure mode, considering the potential consequences and impact on safety, performance, 

and costs. 

Calculate the RPN: Multiply the severity, occurrence, and detection rankings together to obtain 

the RPN for each failure mode(Ciani et al., 2019). 

RPN = Severity Ranking * Occurrence Ranking * Detection Ranking. (29) 

In this case, the high RPN values indicate the most critical failure modes and areas of concern for 

the company's equipment and vehicles, as identified by company the experienced maintenance 

personnel. 

The high RPN numbers highlight the major reasons and frequencies that the company's 

equipment is spending excessive down out of service. This information is valuable for the spare 

parts management team to prioritize and optimize their inventory, in order to reduce the lead 

time to obtain critical replacement parts and ensure the maintenance department can respond and 

resolve issues more quickly. 
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To address these high-priority issues, the company needs to assess what specific spare parts are 

needed most frequently, how much inventory of those critical parts should be maintained in the 

warehouse, and processes to expedite procurement and replacement of those parts. 

Therefore, based on the above table, the engine function has the highest Risk Priority Number 

(RPN), indicating that it requires immediate attention. On the other hand, the electrical system 

has the lowest RPN, suggesting that it can be addressed with a relatively lower priority. This 

number indicates the reason and frequency of the company's equipment and vehicles being out of 

service for a long time. The number was obtained from 25 people who have served in company's 

maintenance sector for a long time and have qualified the experience in the field. 

It also helps to identify the spare parts you need in relation to the engine of each vehicle or 

equipment to know the cost of each unit. FMEA analysis insights to drive their spare parts 

management strategy, the company can take proactive steps to minimize vehicle downtime and 

improve the overall reliability and performance of their fleet. 

4.4 Economic Order Quantity (EOQ) 

Economical order quantity (EOQ) is an important management system that demonstrates the 

quantity of items to reduce the total cost of both handling of inventory (handling cost) and 

ordering process (ordering cost). The purpose of determine the EOQ is to minimize the total 

incremental cost (TIC), beyond the cost of purchasing of spare parts, in considering of total 

holding and ordering process cost. 

 Inventory Holding Cost 

Companies must store what is not in use, so the extra inventory should be held in the warehouse 

in case of shortage. 

Holding costs various cost factors, such as warehouse storage cost, security measures to protect 

the inventory, insurance coverage to safeguard against potential losses, and any additional costs 

related to the preservation and management of inventory. Holding costs the entire inventory, not 

just the items currently in use. 
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It's important to note that holding costs are considered significant because they are incurred 

regardless of other costs, such as ordering costs or shortage costs. They are ongoing expenses 

that companies must bear as long as inventory is being stored. 

To calculate holding costs accurately, it's crucial for businesses to consider all the relevant 

factors specific to their inventory management, including the costs associated with storage space, 

security, insurance, and protection of the inventory. 

When estimating the holding or carrying cost per unit, there are several factors to consider. 

While the specific assumption may vary depending on the context and industry, here are some 

common factors to consider in this case company. 

Table 5: Spare Parts Purchased Cost Incur Ordering Process 

 

    

 
No 

 
Description 

Allocable 

Accumulation 

Cost 

 

1 Insurance 4,341.41  

2 Service Charge 63,334.55  

3 Customs Charge 158,336.37  

4 Fright Charge 102,918.45  

5 Storage Charge 118,752.22  

 Total Ordering cost per order (𝐶𝑜) 447,683.00  

 Ordering cost per unit item order 447,683/95 4,712.5 

 

 
Table 6:Holding or Carrying Cost Per Unit 

 

No Category   

1 Storage Cost (Expense Related to Physical Storage Space, 

Utility. 

 
44,029 

 

 
 

2 

Inventory Shrinkage (The Cost Related to With Inventory 

Accuracies’, such safety employee theft installed camera 
system, and others 

 
 

37400 

 

 Total holding cost 81,429  
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Assumption of EOQ model develop 

- The determination of the Economic Order Quantity (EOQ) for the inventory management at 

this case company consists of the following assumptions: 

- The Economic Order Quantity (EOQ) will be determined for each individual spare part in the 

inventory. 

- The amount of demand for spare parts is known. The DSS will be based on the expected 

annual demand for each exchange; 

- The price of the order is known and constant the whole year. This includes the fixed costs 

associated with placing and processing each order, such as administrative costs. 

- Spare parts handling cost is known and constant throughout the year. If the handling cost is 

given as a percentage of the inventory cost, the unit cost of the inventory is assumed to 

remain constant throughout the year. 

- In case of cash discounts after ordering, the cost analysis of spare parts is assumed to be fixed 

without any fluctuation or special discounts. 

- The quantity of spare parts ordered is considered to be delivered as one package at a time, 

and in case of travel problems due to different reasons, DSS does not take into account 

situations where the order is split into multiple shipments. 

- By making these assumptions, the DSS can apply the EOQ to determine the optimal order 

quantities for each spare part. 

 

The Economic Order Quantity (EOQ) is not primarily used for optimizing inventory levels, but 

rather for determining the order quantity that minimizes the total costs associated with inventory 

management. Some key costs related to inventory and maintenance management that can be to 

reduce inventory costs, improve inventory turnover, enhance efficiencies, and support better 

decision-making and interdepartmental satisfaction include: 

Ordering costs include the administrative expenses, transportation, and receiving costs incurred 

with each order placement and processing.  

Holding/carrying costs encompass the expenses of storing and maintaining inventory, such as 

warehouse expenses, insurance, taxes, obsolescence, and the opportunity cost of capital tied up. 
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Stockout costs are incurred when interdepartmental demand cannot be met due to insufficient 

inventory.  

Setup and changeover costs are associated with the ordering process.  

Data management costs involve maintaining accurate inventory records, tracking levels, and 

forecasting demand.  

Labor costs cover the employees engaged in inventory management tasks like receiving, storing, 

and picking. 

Therefore, the aim of this study is not to optimize inventory levels using the Economic Order 

Quantity (EOQ) , but rather to carefully analyze the various cost factors related to maintenance 

and inventory management in order to enable the case company to make better decisions. 

• Reduce overall inventory and maintenance costs 

• Improve inventory turnover and equipment utilization 

• Enhance operational efficiencies and responsiveness 

• Support better decision-making through data-driven insights 

• Foster improved communication and collaboration between departments, such as 

purchasing, maintenances, and inventory. 

 

4.5 Cost Analysis by Using Economic Order Quantity model 

Since, the order spare parts are different items the average unit cost (i) must be need to 

analysis holding cost. from equation number, therefore: From Appendix B. 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 (𝑖) =
∑ 𝑒𝑎𝑐ℎ 𝑢𝑛𝑖𝑡 𝑐𝑜𝑠𝑡

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑡𝑒𝑚𝑠
                                              

                                                         = (3,377,007.13)/ 95 

                                     i = 35,547.44 

Holding cost per unit item (CC ) = average unit cost ∗  percentage of carrying cost 

=35,547.44*(81,429/447,683)/95 

𝐶𝐶 = 68 

From Appendix: B the item number (1) to calculate: 
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Annual holding cost (HE) = 6/2 ∗ CC 

= (6/2) *68 

= 204.18 

Annual setup cost item (CE ) = (D/Q)  ∗  C0 

= (6/6) *4,712.45 

=4,712.45 

Average inventory (I) =  Q/2  

 
=6/2 

= 3 pics 

Expected number of order (N) =  D/Q  
 

                                                       =250/1 

=250 day 

 

𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 =
𝑎𝑛𝑛𝑢𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑

𝑎𝑣𝑎𝑟𝑎𝑔𝑒 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦
                                              

=6/3 

                           = 2 pics 

Reorder point (POQ) = demand per day(d) ∗ lead time new order(L) 

 Were,𝐷𝑒𝑚𝑎𝑛𝑑 =0.024 

d=1 pcs/day 

𝑅𝑜𝑝 = 𝑑 ∗ 𝐿 

𝑝𝑒𝑟 𝑑𝑎𝑦(𝑑) =
𝑑𝑒𝑚𝑎𝑛𝑑

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑑𝑎𝑦𝑠
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To calculate the estimated lead time for a new order (L), considering the information provided 

in the "Estimating Lead Time Data" table, as well as the additional factors mentioned in the 

"General Challenges" section 3.7, the following approach can be taken:  

The "Estimating Lead Time Data" table provides historical data on lead times for various 

spare parts. However, the company's specific conditions, such as ordering process ,foreign 

currency availability and global peace conditions, can impact the actual lead time. 

Additionally, the ordering process may not align with the company's scheduling, and most 

spare parts are not mass-produced items, which introduces complexities and constraints 

related to raw material availability, global peace related to raw material movement one please 

to another , and technological advancements. 

Given these factors, a conservative approach is warranted. the company should consider a 

longer lead time to account for the potential challenges. Based on the information provided, a 

selected lead time of 8 weeks (a constant) would be a reasonable starting point.  

To further refine the estimated lead time (L), the company should apply a coefficient (b) to 

the selected 8-week lead time to adjust for the specific conditions and challenges faced by the 

organization. A coefficient of condition 6 is suggested, considering the complexities and 

uncertainties involved in the spare parts procurement process. 

we can proceed as follows: 

 Identify the relevant parameters from the "Estimating Lead Time Data" table 2, selected 

conditions 2 and 6 for this specific study. 

Minimum lead time (a): This value represents the baseline lead time for the order. 

Coefficient (b): This coefficient captures the degree to which lead time increases as demand 

rises, due to supply chain constraints 

Lead time(L) = a + b ∗ demand 

From appendix B item number (1) current demand value is 6 unit 

𝐿 = 𝑎 + 𝑏 ∗ 𝑑𝑒𝑚𝑎𝑛𝑑 

     =8 week +0.06*6 
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      = (8*7) day+(0.06 days/unit*6unit) 

       =56.36days 

        =56days 

therefor similar procedure follows other items 

𝑅𝑂q = d ∗ L 

         = 1pics/day *56 days 

           =56 pics 

Therefore, total existing annual inventory cost=annual holding cost + annual set up cost 

𝑇𝐼𝐶𝐸 =𝐻𝐸 + 𝑆𝐸 (28) 

 
𝑇𝐼𝐶𝐸 =204.18 +4,712.45 

=4,916.0 

Safety stock = 𝑍𝑆𝐶𝑂𝑅𝐸*√lead time *variance 

Where, 𝑍𝑆𝐶𝑂𝑅𝐸 is 95% service level or confidential for availability spare parts that 

specific equipment types equal to 1.644856, Whereas demand variance are 2.24. 

Therefore, safety stock for the first spare part item = 1.644856*√56 *2.24 

=18 pics 

Summarily other items Appendix: B done in detail. 

Therefore, in this analysis, the order quantity for kit piston would be 6 pics, which: 

- Aligns with the calculated Economic Order Quantity of 29 units, but insufficient safety 

stock of units to meet the desired 95% service level. 

4.6 Cost Analysis of The Proposed Alternative Solution for  order quantity 

In this research, the proposal order quantity for kit piston item number (1) on appendix’s C are: 

 

Propsed Order Quantity (𝑃𝑂𝑄)  = Ceiling (Max(EOQ, MOQ), MOQ) 

Where, EOQ = 29 pics, MOQ (minimum order quantity) = 7 

                               POQ  = Ceiling (Max(EOQ, MOQ), MOQ)    

                                         =ceiling (Max (29,7),7)  
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                                       = 35 pics 

Safety stock proposed = 𝑍𝑆𝐶𝑂𝑅𝐸*√lead time *variance 

 

Where, 𝑍𝑆𝐶𝑂𝑅𝐸 is 95% service level or confidential for availability spare parts that specific 

equipment types equal to 8.2045, Whereas demand variance are 1.2816. 

Therefore, safety stock for the first proposed item = 1.2818*√56 *8.2045 

= 28 pics 

Summarily other items Appendix: C done in detail. 

Therefore, in this analysis, the proposed order quantity for kit piston would be 7pics, which 

- Aligns with the calculated Economic Order Quantity of 29 units 

- Provides a sufficient safety stock of units to meet the desired 90% service level 

Therefore, total existing annual inventory cost=annual holding cost + annual set up cost 

𝑇𝐼𝐶𝐸 =𝐻𝐸 + 𝑆𝐸 (28) 

 
𝑇𝐼𝐶𝐸 =238 +4,038. 

=4,276.9 
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Base on the above perspective and appendix B how to  inventory level and ordering strategy using  before  proposed ordering 

quantity. 
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From appendix B item number (1) back loader kit piston before proposed optimal ordering 

quantity list 

Part Number ......................................................... 5081898 

Annual Request Quantity ..................................... 6pics 

Current Demand ................................................... 6pics 

Available Balance Order Quantity (Q) ................. 0 

Order quantity… ................................................... 6pics 

Unit Price................................................................17,593.49 birr 

Total price .............................................................. 105,560.96 birr 

Annual Holding Cost(H) ........................................ 204 birr 

Annual Setup Cost(C) ............................................. 4,712 birr 

Expected Number of Order (D/Q) .......................... 1 

Expected Time Between Order (T) ......................... 250 days 

Demand Per Day (D) .............................................. 1 pic 

Reorder Point quantity (Roq) .................................. 56 pics 

Total Exciting Annual Inventory Cost (Tic) ........... 4,916 birr 

Economical Order Quantity (EOQ) ..........................29 pics 

Safety Stock..............................................................18 pics 

 Reorder quantity……………………………………..56 pics



66 

 

 

Base on the above perspective and appendix C how to inventory level and ordering strategy proposed ordering quantity. 
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From appendix C item number (1) back loader kit piston after proposed optimal ordering 

quantity list 

Part Number ......................................................... 5081898 

Annual Request Quantity ..................................... 7 pics 

Current Demand ................................................... 6 pics 

Available Balance Order Quantity (Q) ................. 0 

Order quantity… ................................................... 6pics 

Unit Price................................................................17,593.49 birr 

Total price .............................................................. 105,560.96 birr 

Annual Holding Cost(H) ........................................ 238 birr 

Annual Setup Cost(C) ............................................. 4,038.9 birr 

Expected Number of Order (D/Q) .......................... 1 

Expected Time Between Order (T) ......................... 250 days 

Demand Per Day (D) .............................................. 1 pic 

Reorder Point quantity (Roq) .................................. 48 pics 

Total Exciting Annual Inventory Cost (Tic) ........... 4,276.86 birr 

Economical Order Quantity (EOQ) ..........................29 pics 

Safety Stock..............................................................28 pics 

 Proposed order quantity…………………………………3pic 

 

 

The comparative analysis showed after proposed that adjusting the reorder quantity impacted 

various parameters like annual setup cost, holding cost, reorder quantity, time between orders, 

inventory cost, and safety stock. By determining the optimal reorder quantity, the company was 

able to balance the economic order quantity (EOQ) with the safety stock requirements, avoiding 

the existing stockout problems. This alignment of EOQ and safety stock ensured more efficient 

and safer replenishment periods, minimizing stockouts and associated repair costs. 

The proposed optimal reorder quantity changes reduced the annual inventory cost by improving 

the balance between setup, holding, and ordering costs. It also helped to lower repair costs by 

right-sizing the safety stock to better match actual demand variability and lead times, allowing 

quicker equipment repair and return to productivity. 
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In summary, the optimal reorder quantity determination achieved the right cost parameter 

balance, adjusted the EOQ to the appropriate safety stock to avoid stockout issues, and indirectly 

reduced repair costs associated with inventory and equipment failures, as the replenishment 

process became better synchronized with demand. This holistic inventory optimization approach, 

considering both cost factors and operational alignment, improved the company's overall supply 

chain efficiency and reduced maintenance-related expenses. 

4.7 Discussions 

The basic objective of this study is to reduce repair costs by formulating a decision proposal 

based on information from the maintenance and inventory management departments to achieve 

this, to implement an integrated management framework using a Decision Support System (DSS) 

and how support this develop decision support system for this company. 

4.7.1 Developing a Decision Support System model 
The key steps for developing a Decision Support System (DSS) for the case company: 

Data Collection: 

Collect comprehensive data on the company's inventory management and maintenance 

operations, including inventory levels, spare part demand, inventory costs, safety stock levels, 

reorder quantities, and maintenance-related inputs. 

Inventory input 

  InPut Description Current Data   

1 Inventory Level Available Balance on Stock  0   

2 Stockout Impact 

Equipment Downtime Due to Stockout 

Impact  333 Hr    

3 

Spare Part Demand Related To 

Failure Current Demand Quantity   6 Pics    

4 Lead Time Planning Estimating Lead Time Periods  56 Days    

5 Inventory Cost Holding Cost  204 Birr    
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    Ordering Cost  4,712 Birr    

6 Safety Stock  Critical Parts Quantity For Kit Piston  18 Pics    

7 Reorder Quantity For Budgeting   56 Pics    

8 Inventory analysis techniques  

- Reducing inventory cost, 

- improve inventory turnover, 

- enhanced efficiencies, 

- better decision making, 

- interdepartmental satisfaction. 
EOQ  

Maintenance input 

1 Failure `Mode  Risk Priority Number Value 

 Engine Component High RPN 

Compare To Other Failure    

2 Critical Component Prioritizing Engine Component Part 

 Piston Ring, Connecting 

Rod,Valve Mechanize, Cylinder 

Head And Liner Wear    

3 Maintenance Cost 

Incurring Cost For Maintenance Activity 

Related To Holding, Ordering , Total 

Purchased Cost And Overhead Cost 

 204+4712+105,560.9=110,476 

Birr    

 4  Equipment down statues  Most of equipment More than six down     

     
Data Analysis: 

Conduct Failure Mode and Effects Analysis (FMEA) table  to evaluate the impact of stockouts 

on maintenance activities and identify critical spare parts. 

Model Development:  

optimization models can be developed to optimize inventory levels and determine optimal 

reorder quantities. Incorporate optimization algorithms, including Economic Order Quantity 

(EOQ) optimization techniques table , to enhance inventory management strategies. 

System Integration: 

Integrate the predictive models and optimization algorithms into a comprehensive DSS 

framework that can provide existing -time alerts, suggestions, and recommendations. This 
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integrate the DSS with the company's existing Enterprise Resource Planning (ERP), maintenance 

management, and procurement systems to ensure data accuracy and synchronization. 

User Awareness:  

Provide comprehensive awareness to the company's personnel on the DSS's features, 

functionalities, and decision-making processes. awarded users on data interpretation, model 

inputs, and the generation and implementation of recommendations to ensure effective utilization 

of the DSS. 

How DSS (Decision Support System) can support a case company: 

The DSS (Decision Support System) can support a case company predict Spare Part Demand in 

the following ways based on table 1 data company annual report stock out impact, table 4 FMEA 

analysis and appendix B,taking an example back loader critical engine component parts 

considering .  

The current demand quantity for spare parts is item number (1) and (12) estimating lead time 

periods. The DSS can help forecast spare part demand based on historical data and lead time, and 

regression model analysis results enabling the company to plan its inventory accordingly. 

Critical part engine component part list for back loader 

 

The advanced forecasting capabilities of the DSS, one of the  technique  regression modeling, 

enable the company to accurately predict spare parts demand, leading to better planning and 

inventory management. This enhanced demand forecasting directly contributes to cost reductions 

by avoiding stockouts and minimizing the need for expedited orders. 
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The regression model used to two variables, one is Annual request quantity(D) independent  

variable and lead time(L) dependent variables ,analysis using EXCEL. 

Summary Output Multiple Regression Model for Annual Request Quantity (D) independent 

variables And Lead Time (L) dependent variables for back loader. 

  
Regression Statistics 

  

Multiple R 0.84225506 

R Square 0.709393586 

Adjusted R Square 0.680332945 

Standard Error 0.097168937 

Observations 12 

 

  df SS MS F Significance F 

Regression 1 0.230482 0.230482 24.4108 0.000586536 

Residual 10 0.094418 0.009442 
  

Total 11 0.3249 
   

 

  Coefficients Standard 

Error 

t Stat P-

value 

Lower 95% Upper 95% Lower 

95.0% 

Upper 

95.0% 

Intercept 56.05874477 0.053702 1043.88

7 

1.6E-

26 

55.9390894 56.178400

1 

55.9390

9 

56.1784 

Annual 

Request 

Quantity 

(D) 

0.029835855 0.006039 4.94072 0.000

5 

0.01638066

9 

0.0432910

4 

0.01638

1 

0.04329

1 
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Table 7:  Interpretation Regression Analysis(Hinkle et al., 2003)                                

 

 

 

 

According to Hinkle et al. (2003), an R-squared value between 0.5 and 0.7 indicates a strong 

linear relationship between the predictor variable (annual request quantity) and the outcome 

variable (lead time). This means the regression model can explain a substantial portion of the 

variance in lead times and provides a good basis for making predictions about spare parts 

demand and lead times. 

The R-squared value of 68.03% from the regression analysis falls into this 0.5 to 0.7 range, 

confirming the model has a strong predictive ability. This interpretation aligns with the 

guidelines from the original reference. 

The most important figure in this context is the significance f value,   f value < 0.05 the model is 

reliable, in this model the significant f value  0.000586 is well that threshold, so we can conclude 

that the entire model is relevant for our data. 

Probability output table from regression model 

Probability Output 

No Parts Name  Percentile (%)  Lead  Time(L)  

1 Kit Piston                       4.17                    56  

2 Kit-Bearing                     12.50                    56  

3 Valve-Inlet                     20.83                    56  

4 Valve-Exhaust                     29.17                    56  

5 Kit-Bearing                     37.50                    56  

6 Gasket-Head                     45.83                    56  

7 Seal-Inlet V                     54.17                    56  

8 Insert-Valve                     62.50                    56  

9 Guide-In Val Insert-Inlet                     70.83                    56  

10 Bearing                     79.17                    56  

11 Shield-Heat                     87.50                    56  

12 Seal-Exhaust Valve                     95.83                    57  

  
 

  R-squared Value Interpretation 

1 0.0 to 0.1 No linear relationship 

2 0.1 to 0.3 Weak linear relationship 

3 0.3 to 0.5 Moderate linear relationship 

4 0.5 to 0.7 Strong linear relationship 

5 0.7 to 1.0 Very strong linear relationship 
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Probability output table guide to how the company support this DSS system could use this 

information for ordering quantity prediction as follows: 

Considering the "Kit Piston item number (1) back loader": 

Percentage: 4.17% 

Lead time (L): 56 days 

The lowest percentile of 4.17% shows that "Kit piston" is the least likely to require replacement 

compared to the other 11 units. However, the 56 Lead time longer. 

Based on regression model output, it suggests what kind of decision the organization should 

make. 

Because the " kit piston" has a low predicted probability of failure, the company may not need to 

keep a large inventory of this parts on hand. However, the 56. A long lead time means that if a 

"kit piston " needs to be replaced, it will take a relatively long time to get a new one. 

To mitigate this risk, the company needs to keep a small safety stock of "kit piston " parts on 

hand to cover lead time and any equipment maintenance delays pending replacements. 

 

On the other hand, a percentile rating of 95.83 “Seal-Exhaust Valve “means that this part has the 

highest predicted probability of needing replacement among the item number (12) parts listed, 

and the lead time for this part is 56.6; Similarly, 

Because the "Seal-Exhaust Valve" has such a high predicted probability of failure, it shows that 

the company needs to keep a large safety stock of these parts on hand; 

56
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A relatively long 56.6 means that it will take about 2 months to get a new part if needed. This can 

lead to stock out problems if not planned properly. the company needs to investigate ways to 

reduce lead time for this part, for example by identifying alternative suppliers, negotiating faster 

delivery, and helping it find a solution to the problem. The company also suggests that these 

"Seal-Exhaust Valves" should be monitored more closely before valve seal failure occurs. 

From a risk management perspective, it helps the company develop contingency plans 

considering the potential impact of the failure of this high-probability. 

 

By understanding the probability and lead time insights provided by the regression model, the 

company support this model by integrate the DSS with the company's existing Enterprise 

Resource Planning (ERP), maintenance management, and inventory management to ensure data 

accuracy and synchronization. 

For inventory management, the company can adjust safety stock levels based on the predicted 

probability of part failure, and prioritize which parts to keep in inventory based on lead time 

requirements. 

In inventory management, the company can identify parts with long lead times and take 

proactive measures to ensure timely delivery, as well as explore alternative solution to reduce 

lead times. 

For maintenance planning, the company can incorporate the probability and lead time data into 

their maintenance schedules and maintenance plans, allowing them to anticipate potential 

maintenance delays or disruptions caused by long lead times for critical parts. 

This allows the company to maximize their operational performance by having the right parts 

available when needed, minimize the risk of equipment downtime for long time, and optimize 

their overall supply chain and minimizing repair cost. 

 

4.7.2 Model Verification and Validation 

The following steps are followed to verify and validate the models in this thesis: Model 

verification begins with data preparation and cleaning. As described in Sections 3.3 and 4.2 of 

the study, in order to understand the current inventory management practices and to identify 

areas that need improvement, it tries to include information from stakeholders in the organization 

and what experiences they have, including various internal departments. Next, in the model 
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develop phase, we implemented selected models and algorithms, such as regression analysis 

model and Failure Mode and Effects Analysis (FMEA), as mentioned in Section 4.3. 

The model validation process begins with a comparative analysis, comparing the model results 

with existing company data to verify their accuracy and effectiveness. This may include 

comparing forecasted maintenance costs with actual costs, or  inventory levels with actual stock 

levels.  

From regression model analysis regression statistics the total variation in the lead time 

(dependent variable) data indicate reasonably good at predicting the lead time based on the 

part/component features, the significance f value,   f value < 0.05 the model is reliable, in this 

model the significant f value  0.000586 is well that threshold, so we can conclude that the entire 

model is relevant for our data so the DSS model, and also the data extracted  from regression 

output table; 

Intercept: 

The intercept value is 56.05874477, which represents the expected value of the dependent 

variable when all independent variables are equal to 0. 

The standard error of the intercept is 0.053702, which is relatively small, indicating a precise 

estimation of the intercept. 

The t-stat for the intercept is 1043.887, with an extremely low p-value (1.6E-26), well below the 

typical significance threshold of 0.05. This indicates the intercept is statistically significant. 

The 95% confidence intervals for the intercept (55.93909 to 56.1784) do not include 0, further 

confirming the statistical significance of the intercept. 

Annual Request Quantity (D): 

The coefficient for the "Annual Request Quantity (D)" variable is 0.029835855, which means 

that for every one-unit increase in the independent variable, the dependent variable is expected to 

increase by 0.029835855 units, holding all other variables constant. 

The standard error of the coefficient is 0.006039, which is relatively small, indicating a precise 

estimation of the coefficient. 
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The t-stat for the coefficient is 4.94072, with a p-value of 0.0005, which is well below the 0.05 

significance level. This indicates the coefficient is statistically significant. 

The 95% confidence intervals for the coefficient (0.016381 to 0.043291) do not include 0, further 

confirming the statistical significance of the coefficient. 

Based on the information provided, the regression model appears to be valid and statistically 

significant. The low p-values for the intercept and the coefficient, as well as the 95% confidence 

intervals that do not include 0, suggest that the model is a good fit for the data and the 

independent variable is a significant predictor of the dependent variable. 

4.7.3 The main contributions of this thesis for Sunshine Construction Company 

are: 

Safety stock by accurately determining optimal inventory levels and lead times for spare parts. 

This involves using historical data, demand forecasting techniques,and advanced analytics to 

ensure critical parts availability while minimizing overall inventory costs. 

Enhancing maintenance scheduling by combining maintenance history, and failure data, the 

thesis helps create a robust maintenance scheduling system that maximizes equipment uptime 

and reliability. 

Improving Parts Management by implementing comprehensive parts tracking and tracing 

capabilities to proactively manage the spare parts inventory and reduce costly equipment 

downtime. 

Developing a Decision Support System (DSS) using integration of maintenance requirements, 

inventory levels, and key decision variables. The DSS provides valuable insights and enables 

data-driven decision making to optimize inventory management and maintenance operations. 

To utilize the key contributions of this thesis, Sunshine Construction Company should take the 

following steps: 

Since the company's current data collection and documentation serves as a basis for analyzing 

the overall current situation and identifying areas for improvement, establishing proper 

documentation procedures for collecting and maintaining detailed historical data, maintenance 

history, equipment specifications, and failure patterns should be addressed and implemented 

appropriately. 
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Applying data-driven insights requires thorough analysis of collected data to gain valuable 

insights, and applying these insights to optimize inventory strategies and processes, such as, parts 

allocation, and demand forecasting. 

Inventory analysis techniques such as the regression analysis and other advanced optimization 

techniques recommended in the analysis determine  stock levels and replenishment rates for 

critical spare parts so that they have an understanding of the availability of time to reduce total 

inventory costs in various departments. 

Developing and deploying a decision support system should create awareness that the 

development and deployment of an integrated DSS can help manage maintenance requirements, 

inventory levels, and other key decision variables with ease, and that DSS can provide valuable 

insights and inform decision-making to inventory management and maintenance activity. 

Therefore, by following these steps, Sunshine Construction Company can effectively leverage 

the key contributions of the thesis to decision support its spare parts inventory management, 

enhance equipment reliability and availability, and ultimately improve its overall operational 

efficiency and profitability. 

 

 4.7.4 Theoretical implication 

The thesis highlights several important theoretical contributions. The Decision Support System 

(DSS) enables existing -time data-driven insights to support informed decision-making for 

inventory management and reduce repair costs. The Economic Order Quantity (EOQ) just 

economic benefit better inventory control and planning by analyzing factors like holding costs 

and reorder points, leading to cost reductions. The reliable regression model can accurately 

forecast lead times, enabling better maintenance scheduling and planning. Incorporating 

probability and lead time data into overhaul and maintenance planning improves operations, 

minimizes downtime, and optimizes the supply chain. 
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CHAPTER FIVE 
5.1 Conclusion 

 

The study confirms that Sunshine Construction Company faces significant challenges in 

managing its spare parts inventory, including insufficient stock evaluations and ineffective stock 

management practices. Inaccurate demand forecasting and inconsistent supply chain processes 

are major contributors to these problems. 

Due to the unavailability of spare parts within the required timeframe, more than 30 different 

equipment were kept out of service for over six months. Factors such as equipment variability, 

unpredictable demand patterns, and obsolescence risks further exacerbate the challenges. 

Inaccurate demand forecasting, insufficient visibility into inventory levels, and ineffective 

inventory control systems are additional factors affecting inventory management. 

To address these challenges and facilitate improved spare parts inventory management, the study 

recommends several key directions for Sunshine Construction: 

Develop a Decision Support System (DSS) that enables effective coordination between the 

maintenance and inventory departments. The DSS should incorporate techniques like economic 

order quantity, order point analysis, and demand forecasting to provide valuable insights and 

analysis to support informed decision-making. 

Utilize both primary (observations, interviews) and secondary data sources (articles, journals, 

reports) as inputs to analyze historical data and exchange needs. Applying techniques such as 

regression analysis can lead to fundamental improvements in maintenance and spare parts 

management. 

Enhance collaboration between the maintenance, warehouse, and procurement teams to improve 

communication and information sharing, leading to more efficient spare parts inventory 

management. 

Prioritize the supply of critical components by assigning severity, occurrence, and detection 

levels to the major component failure modes, and calculating a Risk Priority Number (RPN) to 

identify the most critical components that require priority attention. 
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Implementing these strategies will enable Sunshine Construction to significantly improve its 

spare parts inventory management, reduce equipment downtime, lower maintenance costs, and 

ultimately result in more productive and streamlined operations. 

5.2 Recommendation 

The company has developed a Decision Support System (DSS) that integrates maintenance 

requirements, inventory levels, and key decision variables to provide insights and data-based 

decision making. This allows the organization to improve their maintenance operations and 

inventory management, leading to enhanced operational efficiency. 

Applying modern inventory management technologies and the DSS serves as a strategic method 

to effectively connect maintenance and inventory management, enable data integration and 

collaborative decision-making, leading to cost savings, efficiency improvements, and improved 

organizational performance. 

Considering the lead time of maintenance operations is critical to ensure timely procurement and 

shipment of spare parts. Facilitating decision-making processes helps to reduce equipment 

downtime and streamline maintenance operations. 

By implementing these recommendations, Sunshine Construction Company can improve spare 

parts inventory management, reduce maintenance costs, and improve overall operational 

efficiency in the construction activity. 

The key elements of the DSS that will optimize Sunshine Construction's inventory and 

maintenance operations include: 

Maintenance Scheduling: Combining maintenance history, equipment specifications, and failure 

data to create a robust maintenance scheduling system that maximizes equipment uptime and 

reliability. 

Parts Management: Providing comprehensive parts tracking and tracing capabilities to 

proactively manage the spare parts inventory and reduce costly equipment downtime. 
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To support the DSS implementation, Sunshine Construction will collect and maintain detailed 

historical data, apply these insights to optimize strategies and processes, and use models like 

regression model to manage the relationship spare parts for inventory levels. This comprehensive 

approach will help the company significantly reduce maintenance costs, improve equipment 

reliability and availability, and increase overall efficiency and profitability. 
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Appendix: 
 

Appendix: A 

SCHOOL OF GRADUATE STUDIES OF ADDIS ABABA UNIVERSITY IN PARTIAL 

FULFILLMENT OF THE REQUIREMENTS FOR DEGREE OF MASTERS OF SCIENCE IN 

MECHANICAL AND INDUSTRIAL ENGINEERING (INDUSTRIAL ENGINEERING 

STREAM) 

 
Dear: 

 

I am a graduate student at Addis Ababa University, specializing in mechanical and industrial 

engineering, focusing on industrial engineering. I am currently researching for my master's 

degree, and would like your valuable input and expertise for a research project titled 'Decision 

Support System Development for Spare Parts Inventory Management: Sunshine Construction 

Company'. The purpose of this study is to reduce maintenance costs and improve the efficiency 

of spare parts management processes in Sunshine Construction. As a key stakeholder in the 

company's spare parts management, your insights and experiences are critical to the success of 

this project. 

If you are available, please let us know your preferred date, time, and method of communication 

for the questionnaires. We are committed to working around your schedule. 

You can rest assured that your involvement is entirely voluntary and that the survey guarantees 

complete anonymity. The data you provide will be handled with utmost confidentiality and will 

solely be utilized for academic objectives. Your participation in this study will help improve the 

performance of Sunshine Construction's inventory management system. 

Thank you in for your cooperation and contribution to this research. If you require any further or 

necessitate additional details, kindly do not hesitate to reach out to me at 0913034934. 

I look forward to your positive response and the opportunity to collaborate on this important 

initiative
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Regarding! 

 

Biruk G\Medhine 

Section-Questionnaires 

Personal information: 

Current position ……………………………… 

Qualification………………………………….. 

Service year………………………………………. 

Gender …………………………………………. 
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 Item/ Function Potential Failure Mode          

 

 

 

 
 

1 

engine Piston ring wear or breakage          

 Connecting rod wear or failure          

 Crankshaft and bearing wear or failure          

 Oil burning or leakage          

 Valve mechanism wear or failure          

 Coolant leaks          

 Cylinder head cracking or gasket failure          

 Cylinder liner and block wear or cracking          

 Incomplete combustion issues          

           

2 
transmission Inadequate lubrication or oil supply          

 Harsh or abnormal shifting techniques          
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  Wear or failure of gears, bearings, shafts, and 
synchronizing parts 

         

 Wear or failure of friction plates and discs          

 Seal wear or failure          

 Overload or excessive operating conditions          

 

 

3 

hydraulics Worn or leaking seals          

 Worn or damaged hoses          

 Wear or failure of internal hydraulic components          

 Contaminated or insufficient hydraulic oil          

 Hydraulic oil cooling system issues          

 Air entrainment in the hydraulic system          

 

 

 

 
4 

 
brake 

Wear and deterioration of brake system 
components 

         

 Wear or failure of brake discs and friction plates, 
pad lining, shoe 

         

 Inadequate maintenance and servicing          

 Vacuum seal leaks in the brake booster system          

           

           

           

 

 

 

 

 
5 

power train Wear or failure of internal and external parts:          

 Seals, shafts, bearings friction disc, pressure 
plate 

         

 Discs, plates          

 Hoses, pipes, fittings          

 Hydraulic system issues:          

 motor, Pump, control valve, or actuator failure          

 Internal component wear or breakage          

 Differential wear or failure          

 Excessive load or operating conditions          

 Operator/driver inexperience or poor technique          

 

 

 

6 

undercarriage Wear of track shoes, sprockets, and idlers          

 Excessive loads and operating in severe 
environments 

         

 Delayed replacement of worn components          

 Improper adjustments and maintenance          

 Hydraulic system issues:          

 Leaks in hoses and fittings          

 Wear or damage to cylinder shafts and rods          

 

 

 

 

7 

 
suspension 

Wear and deterioration of internal and external 
suspension components: 

         

 Bushings, seals          

 Weak or damaged springs          

 Improper tire inflation pressure          

 Use of incorrect tire size          

 Operation in harsh working conditions          

 Delayed replacement of worn parts          

 Lack of regular, proper maintenance          
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8 

electrical Electrical system issues:          

 Sensor or control component failure due to 

wear, calibration issues, or damage 

         

 Wiring and connection problems, 

including corrosion and vibration 

damage 

         

 Wear or failure of electrical components 

like bearings, bushings, and fans 

         

 Improper installation, adjustment, or wear of 
components like V-belts 

         

 Delayed replacement of worn or damaged 
parts 

         

 Charging system malfunction          

            

 

 

 

 

 
 

It. No Guide Line Activity 

1 visual inspection wear, leaks, damage 

2 auditor inspection abnormal noise, knocking or grinding 

3 performance monitoring tracking parameters like pressure, temperature, speed 

4 sensor monitoring measured and analysis specific parameter 

5 Diagnostics system data analysis techniques to interpreted sensor data 

6 predictive maintenance historical data recording, proactive 
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Appendix: B: how to optimized inventory level and ordering strategy using sensitivity analysis before optimal proposed ordering quantity. 
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Appendix C: how to optimized inventory level and ordering strategy using sensitivity analysis after optimal proposed ordering quantity. 
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